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(57) Abstract
The present invention provides a method for site-directed integration of ‘DNA-sequences into the genome of plants via
homologous recombination, by transforming said plants vsing the DNA-transfer system of Agrobacterium, in which the trans-
- forming DNA comprises in its most simple form a region homologous to the target locus, as well as a region which is different
from the target locus either next to one or between two T-DNA borders. Special constructs are provided, which in its most com-
plete form have the general structure (I), in which box (I).and (7) represent T-DNA borders, boxes (2) and (6) comprise function-
al expression cassettes containing negative selection genes, box (3) provides a region of homology with the target locus promoting
recombination, box (4) represents a DNA sequence containing a mutation with respect to the target locus, box (5) represents a
functional expression cassette containing a positive selection gene, and box (E) comprises 8 DNA sequence which is homologous
to a region adjacent of the target locus, or in the vicinity of the target locus, which promotes homologous recombination. ‘
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Process for the site-directed integration of DNA

into the genome of plants

\

7

5
Field of the invention
10 - ° The invention is in the field of recombinant DNA. More
in particular, it is related to modified plants,
processes for the site-directed modification of the
genome of pPlants, and DNA constructs used thereJ.n.
15 Background of the invention

During the recent years, techniques have been
developed for the genetic manipulation of planﬁ" cé115'
and the regeneration of these plant cells into
transgenic plants. On the one hand, direct DNa

20 transformatiobn of plant protoplasts may be used for
the int.roductidn of the desired DNA into plant cells.
For this purpose, several methods are available, e.qg.
Ca/PEG (Krens et al., 1982; Negrutiu et al, 1987),
electroporation and: microinjection (Crossway et al.,

25 1986). Using the recently developed microprdjectile
method (Klein et al, 1987) also intact plant tissues
may be transformed with ‘'naked!' DNA. On the other
hand, the desired DNa may be J.ntroduced into the plant
cell using the natural DNA transfer system of
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Agrobacterium tumefaciens and Ag;obacteriuxﬂ rhizogenes
bacteria --(for review, see Klee et al., 1987).

Agrobacterium _tumefaciens and  Agrobacterium

5 . ;Mz‘g:gen_es_} after attachment to the plant cell wall,
 are capable of transferring a piece of DNA to the
 plant cell. Such a piece, the transfer-DNA (T-DNA), is

as Tfregion part of a large plasmid (190-240 kbp) in

the bacterium, which is called the Ti-plasmid in the

10  case of Aitumefaciens and Ri-plasmid in the case of
‘A.rhizogen'es.b The T-DNA becomes integrated into the

- nuclear genome of the plant cell (Tomashow et al.,

1980; Chilton et al., 1982). Genes residing in the T-
DNA are expressed in the plant cell and cause the

15  latter to behave as a tumor cell (Ooms et al., 1981;
| Willmitzer et al., 1982a+b). -

In addition to the genes that are responsible for
tumor- induction also genes are present on the T-DNA
-whiich take care of the production of so-called opines.

20 Opines, 1like 3octbp_ine and nopaline, may serve as
' energy,  nitrogen  and/or carbon source to

Agrobacterium. The ‘enzymes that are needed for the
catabolism V, of these opines a&:e encoded by genes that
reside on the Ti- ‘(Ri-) plasmids (e.g. Bomhoff et al.,-

25 1976; Kerr and Roberts, 1976; Hooykaas et al., 1977).

Depending ‘on the opine production, the Ti- and Ri-
plasmids.:are 'claésified into groups (fof example
‘octopine or hopaline piasmids); ‘

The T-region ' is confined by two imperfect direct

30 ; repeafs offﬁzsfba‘se pairs, also called ‘'borders' (Yadav
et al., 1982; zambryski et al., 1982; Gielen et al.,

' 1984; slightom gt al. , 1985). The presence of these
borders ;g_c_:;g is a I;rerequisite for correct transfer

of T-DNA- (¥ang et al., 1984; Peralta and Ream, 1985).

" SUBSTITUTE SHEET




WO 91/02070 ' , PCT/NL90/060106

The presence of the rlght border is necessary for the
efficient T-DNA transfer (Ooms et al., 1982; Shaw et

al., 1984b; Wang et al. 1984). Dependlng on the test
~ system it was found that deletion of the left border~

5 in some . exXperiments does (Bakkeren et al., 1989)
whereas in other . experiments does not lead to a lower
frequency of T-DNA transfer to the plant cell (Hille

et al., 1983a; Joos et al., 1983). Next to the right
border 4 sequence is present that 51gn1f1cant1y

10 increases the . efficiency of T-DNA transfer (Peralta et

' al., 1986; Van Haaren et al.,. 1986, 1987; Wang et al.

1987). The action of this ‘'enhancer’ element isi
1ndependent on p051tlon or orlentatlon with respect to‘

the right border (Van Haaren et al, _1986). From

15 experiments with synthetic borders 1t appeared that
the right and left border sequences are inter-
changeable  ang, consequently,  the "ehhancer'g

determlnes which border sequence becomes the dominant
right border (Peralta et al., 1986; Van Haaren et al.,. . .
20 1987). B
» In'addition to the T-DNA, there are virulence genes
that on the one hand’ reside on the chromosome, on the
other hard .on the Ti-plasmid (Vlr-reglon) These genes
are involved in attachment of the bacterium to the.
25 plant cell and in the transfer pProcess of the T-DNA to

the plant cell (for review see Melchers and Hooykaas,
1987).

All the gene transfer systens mentloned above have in
30 common the disadvantage that the site of integration
of the transforming DNA is unpredictable. Thus, as
with the other plant transformation techniques
mentioned above, the DNA that is intr duced into the
_ Plant cell via Agrobacterium appears to become
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J.ntegrated at. random locatlons in the genome (Chyi et
al., 1986, Wallroth et al., 19867 Spielman and
Simi;:‘s.on,__ '1986). In certain situations, however, it is
desirable or ‘ev'en necessary to determine the site of

5 integration beforehand. Thus, the gene to be
introdiiced_ night be targeted to a location where the
desired . :eegolatioh of expression‘ is guaranteed. Also
. the -neﬁvly_“_ introduced DNA could be used to mutate -or
inactivate a specific plant gene. ,

10 Several methods have been described to integrate DNA
sequences into the plant genome in a s:.te-spec:.flc
manner. These methods are all based on a mechanlsm
known as homologous recombination.

15 Homologous recomb:matlon is a process that occurs very
efflciently w1th1n " bacteria and yeasts. In these
organlsms 1t is used for site-directed integration of
newly_ ._vint_roduced DNA (Ruvkun and Ausubel, 1981; Orr-

_ Weaver _e_;’;;.v,_ 1981). In yeast it was found that DNa

20 mole__cules-i,‘ linearized in the area of homology with DNA

| integrated into'the genome, recombine with a 10-1000
fold hi’ghe'_xj frequency. More “recently, alse in
Amamﬁalian'_j cells homologous‘ recombination betwe_en

, genoinic and '_newly introduced DNA was found to occur -

25 ('Smithi'es‘_‘ 'e_t al., 1985; Thomas and Capeochi-,' 1987;
-Song et Q;L, 1987.; .Baker et al., 1988; for recent
" review see Capeochi, 1989). Also in these systems it
appeared that ‘upon co-transformation of two defective
mutants l:mearlsatlon of one of the mutants in the

30 reglon of -nhomology resulted in - on an average - a 10-
fold highe_r. recombination frequency (Kucherlapati et
al., 1984).
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Recombination between tﬁo ‘homologous DNA ‘moleculee,
after their simultaneous introduction into a. .plant
cell, has been reported by Wirtz et al., 1987.
‘European patent application (EP-a-0 317 509) discloses
5 a method for the integration of DNA sequences into the
genome of plants through homologous recombination.
Accerding to the application the introduction of the
DNA construct into the plant host may occur by known
technlques, such as the Agrobacterium transfer systen.
10 In the Examples, a direct DNA transformation method
(with "naked" DNA) was actually used to introduce the
incoming DNA into polyethyleneglycol (PEG) treated
tobacco protoplasts. »
It was stated that modlflcatlons on exactly deflned
15 locatisdns in the plant genome could be obtained.
However, the results of the experlments, using
different defectlve APHII genes, conferring kanamycin
resistance, - were not conclusive as to whether
"restoration of the gene occurred on the desired locus
20 ‘("_g 51tu") In ‘a later published article on the same
' experlments by one of the 1nventors, Paszkowski et al.
(1288), it was only assumed that restoration of the
defective APHII gene, due to homologous recombination
with the incoming defective APHII gene, could have
25 occurred on locus, “but . further evidence to confirm
' this was requiredr. . _
There ~is still a need for an efficient method for in
situ modification of the plant genome and selection of
the desired mutants.
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summary of the invention ‘ ,
The present invention provides recombinant T-DNA
constructs which ~are ‘useful for the integration of
defined . mutat:.ons in desired locations of the plant
5 genome. The invention further provides DNA~-constructs
that enable selection of those plants that contain the
'defined mutations on - the desired genomic location.
. »These constz:ucts are especially wuseful if the
_ ’Aintegrated mutation is phenotypically difficult to
10 detect‘._ The “invention ‘also . provides methods to
~integrate DNAZ' sequences containing defined mutations
“on des1red locations of the plant ‘'genome, by
introducing these T-DNA constructs to the plant .-cell
using the  DNA-transfer system ...of Agrobacterium
15 tumefac;egg jOr:species related thereto. Also vectors
are proy;ded; containing ‘'said recombinant T-DNA
constructs,:aS'well.as bacteria' transformed therewith.
In a further aspect of the invention genetically
modified 3=p1ants are provided, carrying defined

20 mutations; in 'desi_red locations of their genome,
~ obtained by application of said recombinant DNA
‘ construct, '

Detailed descnption

25 It was surprisa.ngly found that two T-DNAs, containing
regions “of homology, which are simultaneously
intr'oduced' into a plant cell, are physically capabl'e

of. homologous recombination. Moreover, newly
1ntroduced T-DNA, hereinafter referred to as the
30 - ‘targeting construct' ; containing regions of homology

- with the plar{xt genome of the acceptor plant cell was
‘also. found to be capable of recombination. with the -
' genomi'c 'DNA sequence, within the regions of homology.
~In some ' cases the restor d phenotype, viz. kanamyculv
35 res:.stance, was shown ‘to be the result of restoration
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of_ the mutated locus, i.e. the plant had been modified
in situ, on the desired locus in the genome. The
'desired 1locus will also be indicated. hereafter as
'target locus'._

5 The recombined séquences in the plant genome appeared
stable and genetically inheritable. _ .

The frequencies of recombination (compared with the
number of transformants) found by us for the
Agrobacterium system are comparable with  the -

10 frequenc:.es that- were found by Wirtz et al., (1987)
and by Paszkowsk:. et al., (1988) for the direct DNa-
transformatlon method, using naked DNA.

' The possibility to use  the Agrobacterium transfer
system to enforce homologous recombination in plant

15 'cells was quite unexpected, in the light of the

' structural properties of T-DNA, and ‘the involvement of
proteins in the transfer proces. This is illustrated
by the follow1ng findings;

a) using the Agrobacterium transfer system, the

20 transforming DNA (T-DNA) is excised from the
transforming plasmid at the T-DNA Dborders, and
consequently, is not linearized within a region of
homology with the target locus, as is the case with
all naked DNa,

25 b) unlike with naked DNA, the T-DNA molecule was not
expected to be available for homologous recombination
due to its single-stranded nature and as a consequence
of the association with virulence proteins such as Vir
E (Gietl et al., 1987; Das, 1988; Sen et al., 1989;

30 Citovsky et al., - 1988, 1989; Christie et al., 1988)
and Vir D2. VirD2 is even known to be covalently
attached to the 5'end of the so-called T-strand (Young
and Nester, 1988; Herrera-Estrella et al., 1988; Ward
and Barnes, 1988). A model is described in which the

35 . T-DNA is transferred to the pPlant cell as a single
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‘str'!andeld  linear molecule (Stachel et al., 1987;
Albright%et'al., 1987) and in which single stranded-
DNA bindlng proteins poss:.bly protect the DNA from

. nuc“lease activ:Lty before integration into the genome
5 (Gietl et al., 1987; Cltovs_ky et al., 1988, 1989; Das

et al., 1988; Sen et al., 1989; Christie et al., 1988;
Young'end-Nester, 1988; Herrera-Estrella et al., 1988 ;'
Ward and Barnes, 1988) '

c) the very high background that is to be expected,

10  due to the very efficient random integration of T-DNA;
: th:Ls requlres a rlgorous selection mechanism to find
plant hosts w1th the proper  integration (i.e. via
-,homologous recomblnatlon) in situ, while dlscardlng
the non—transformed hosts, as well as the overwhel:ung

) 15 majquty of the plant hosts having undesired random

' integrations ' of the entire T-DNA in their genome.
Especially, - when the desired mutations to be.

integrated into the plant genome are difficult to

N observe iminediate’],{r (i.e. that have a ‘phenotype that

20 can not easily' be observed or screened "for), this
poses a ' serious problem. In fact many in situ
modiflcatlons are difficult to detect.

Although 11: was mentioned that Agrobacterlum can be
used - as DNAftransfer ‘system to direct homologous

25 recombinatio'n',\f' until now; no results had been

' repori:ed, .w‘h'ich s supporting the above mentioned
doubts with respect to the suitability of the
Aarobacterium DNA-transfer system for the site
direeted: mutagenesis of the plant genome..

30 Some of the advantages of the use of Agrobacterium as
a DNA-transfer system to enforce site-directed
mutagenes:.s ‘of the plant genome over the use of naked
DNA transformatlon, are, among others:
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1) Protoplasts are transformed'by Agrobacterium with a
considerably higher frequency than is possible when
using naked DNA transformation. From calli that were
regenerated from protoplasts of Nicotiena tabacum cv.
5 petit havana SR1, cocultivated ' with Agrobacterium
» during 72 hours, 20-50% appeared to - be transformed
(Van den Elzen et al., 1985a; Depicker et al., 1985).
- Even if the recomblnatlon frequency with T-DNA would
be lower than .the recombination frequency with naked
10 DNA, the percentage of cells that 1s transformed by
| homologous recombination could be higher due to a
higher transformation frequency . using the .
Agrobacter;um DNA-transfer system. ' 4

15 2) Regeneration of protoplasts'into plants‘is'still a
‘ problem for many plant species. This limits the use of
'naked' DNA-transformation, with whlch it 1s necessary

" to work with protoplasts (except for the particle-
- bombardment technlque, which may use regenerable plant
20 parts, however this technlque causes a 1lot of
scrambling, and for this reason appears not very
useful for this purpose) Furthermore, regeneratlon of

protoplasts’ 1nto blants proceeds through a callus
phase. During such a phase somaclonal variation is
25 often observed. Somaclonal variation includes all
chromosomal rearrangements in mitotically dividing
tissue and results in chimaeric tissue. To obtain
transformed plants via Agrobacterium, . no regeneratlon
of protoplasts is needed. Easily regenerable tissues
‘30 of the plant like e.g. leaf discs (Horsch et al.,
1985), potato tuber discs (Sheerman and Bevan, 1988)
or meristems (Ulian Ig;_ al., 1988) can be used to
prov1de transformed plants after cocultivation with
Ag;obacteriun. Shoots can also be regenerated with
35 reasonable frequency from leaf discs of tobacco plants
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that have been inoculated with A.rhizogenes. Easily
regen_erab’le__< plant . tissue, that can be rea&ily
transformed using Agrobacterium, can now be obtained
fron 'many'_b" o'tl_ier 'plant‘species as well.

,3) In contrast w1th 1ntegratlon of naked DNA, the
J.ntegratlon of. the T~DNA is precise.  With this is
me_ant that T-DNA copies often integrate intact and
that 'scrambllng' hardly occurs (Haln et al., 1985;

0 Czernllofsky et al., 1986; Deroles and Gardner, 1988).

. Wirtz et al. (1987) and Paszkowski et al (1988) £ind
rather complex integration patterns in the plant
genome, in the:Lr experlments, where they use naked
DNA'—trarx{sformatlon to examine homologous

15 recombination. .- |

4) 'Some:'n'ak-ed‘ DNA-transformation methods require so-
-called carrler-DNA to increase the transformation .
frequency. ‘This carrier DNA might interfere with the
20 homologous 'r'eoombination event. Besides, this carrier
‘ DNA becomes more or less randomly integrated into the
Aplant genome. (Peerbolte et al., 1985) and,
consequently, causes undesired mutatlons in the'genome
of the host. The Agzobacterlum system does not require

25 carrier-DNA. .

'l‘he atte'ntion for the Adgrobacterium system further
increased’ after it appeared that in addition to
dlcotyledonous plants ‘also monocots -~ among which

30 bulbous plants , asparagus and cereals - can be
_transformed L _us1ng Agrobacterium (Hooykaasl-\'ran
Slogteren et-.al., 1984; Hernalsteens et al., 1984;
Graves’and Goldman 1986, 1987; Grimsley et al.,
1987)
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In general 1t was found that two T-DNAs are capable of-
homologous recombination within . the plant cell.- In
. particular this was shown for a model gene namely the
" NPTII-gene, conferring Kanamycin res:.stance (Km") . The
5 NPTII gene :Ls derlved from the bacter1a1 transposon
Tn5 (Beck et al. 1982) and codes for the enzyme
neomycln phosphotransferase. When - the NPTII gene is
placed under regulatory signals derived from plant
genes (or . Aggobacterlum T-DNA genes), it can be
10 expressed after introduction in the plant cell and
provide res:.stance to the antibiotic kanamyc:.n (Bevan
et al., 1983; Herrera-Estrella et Q:L., 1983).  Plant
cells are sensitive to kanamycin. Therefore, the gene
can be used as a selectable marker for transformed‘
. 15 cells or tissue sllces. This Km" gene is chosen as
model gene for the detection of - homologous
recombination in plant cells, viz. protoplasts of
Nicotiahg tabacum cv. petit havana SR1.
Upon separate transformation of T-DNAs containing a
20 defective NPTIT gene, no Km" protoplasts could be
obtained. However, simultaneous introduction of both
defective NPTII-genes bjr cocultivating tobacco
" protoplasts with . two different Agrobacterium
tumefaciens strains, . each- ‘containing a dlfferent.
25 defective NPTII-gene in a binary vector, resulted in
Kn" tobacco cells. - These cells could be regenerated
into EKa' calli and subsequently, into Km" plants.
Analysis at the DNA level confirmed that both
defective NPTII-genes complemented each other through
30 homologous recombination. Analysis at . the protein
level also showed the recombination event had occurred
at exactly the correct site within the coding region
of the gene. The possibility that the recombination
event had taken place in Agrobacterium was excluded by
T 35 - control experiments.
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This shows / for the first ‘time, that homologous
reeombination in a plant cell between two T-DNAS
shar:.ng a reglon of homology is possible.
In a.nother experiment,” a transgenic tobacco plant,
5 "conta_lnlng a defective NPTII gene in its genome was
transformed 'with a repair —construct that was
lntroduced :Lnto the rlant cell using the Agrobacterium
DNA-—transfer system The repair construct also
conta:med ‘a defective NPTII-gene mutated at a
10 dlfferent locatlon within the gene. It was shown that
the mutatlon could be restored due to homologous
recomblnatlon : between the newly -introduced NPTII
mutant in. target:mg construct and ‘the mutant NPTII
‘gene _res:.dlng . in the plant genome. Again,
15 recombination' had occurred correctly, resulting in a
restored gene, encoding a fully active NPTII-enzyme,
that is jdentical to the wildtype NPTII product. Most
:meortantly, analys:Ls at the DNA 1evel revealed that
recomb:.nation had :occurred at - the. target locus,
20 result:.ng J.n restorat:.on of the gene in situ.
In other experlments it. has been shown that targeting
is also possible to sequences naturally occurring in
the plentf'genome _(endogenous . sequences) .
In these experlments an endogenous gene, viz. a member
25 ' of the. rbc SSU multigene family, was selected as
' target locu_s -to 1nvest1gate the possibility to mutate
endogenous"' ' sequences in situ via homologous
recomblnatlon. Genes. of this fam:Lly code for the small
subunit’ “_;-of ribulose-1, 5-biphosphatecarboxylase/
30 oxygena’sevj_"‘ (£beS), a nuclear encoded chloroplast
A loca'l:izxe"d"" protein . involved in  photosynthesis.
Express:.on ‘of the SSU genes is light-dependent.
'A ' Therefore two targeting-constructs were made, each
_comprlsmg a dlfferent translational fusion between
35 the coding reg:.on of this rbcS gene, consisting of

. Ky
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four exons and the coding region of the NPTII gene
(see figure 10). One chimaeric gene, a translational
fusion in the ‘second exon of rbcS, codes for a protein
in which the transport peptide (involved in targeting
5 the rbc gene product to the chloroplast) and the first
" 23 amino acids of the mature SSU protein are fused N-
_ termlnally to NPTII. A s.unllar fusion protein between
the transport peptide and the first 23 amino acids of
. the mature protein of the rbcs gene from pea and NPTII
10 has already been described ah-d; appeared. functional
(Schreier et al., 1985). The other fusion gene codes
for a protein in which the transport peptlde and 99
amino acids of the mature SSU protein of the N=-
termlnus of the NPTII enzyme are fused. Up to 0 01% of_” |
15 the transformed calli appeared km', which in most' ’
cases appeared light-regulated, whereby some  of the
SSU-NPTII fusion protein appeared transported to the
" - chloroplast. Analysis of the genomic locus at the DNA
level, using Southern blotting and PCR (Polymerase B
20 Chain Reaction) analysis, revealed that the 1light- .
regulated ~Kanamycin resistance of part. of the
transformed calli, indeed resulted from modification
of the target locus in situ, i.e. at’ the selected rbes
locus. ‘ |
25 The results of this experiment prove, that desired
mutations can be introduced in desired loci in the
plant genome, independent of the fact whether the
. target-locus consists of a DNA sequence that is
exogenous or endogeneus, via homologous recombination,
30 . using T-DNA constructs. Furthermore, it nicely
illustrates, that any functional part of a gene or an
entire gene, which is functional in combination with a
functional part of - any other gene residing in a
selected target locus of the genome of the. plant host
35 may be correctly fused to that part in situ, via
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homologousf reoombination 'between_' the targeting
‘ construct‘ and the target locus, resulting in a
functxonal fusion of the two functional gene ‘parts. In
its broadest perspective, the present invention
5 vprov1des a mmthod for manipulating in. principle any
' part of the plant genome, without changing the
1ocatlon of that part of the genome. .
In the experiments ‘mentioned above, the homologous
recomblnatlon events could be readllyvdetected since
10 the ‘gene . fragments sharing  homology were able to
complement each . other, thereby conrerring kanamycin
're51stance to - the host However, in many - cases, the
':mutation one wants to . introduce 1nto the. plant genome
:Ji'v;a homologous recomb;natlon, can not be selected for
15': directly. For inStance mutations such as exchange of
»amino aoidsfor altering codon usage of genes and the
'like}’may;hot be readily detectable, and thus have to
) be' analysedafoni_the DNA 1level. Such analyses may
hlnyolve{:restriction mapping of the genomic DNA, PCR-
20 vanalysis;fand/quDNA—seguence'analysis. '
' ,since}»iinj_these cases, it is very awkward, time
oonsuming and expensive to screen all coincubated
‘ cells for the des;red recombination event on the DNA-
level it is desirable to be able .to select for
25 transformed hosts, using a positive selection marker,
such as an antloblotlc gene or a herbicide resistance
'~ gene and the llke, which have a hlgh probability of
.belng trapsformed through homologous recombination
1nstead of random integration at undesired locatlons
30 in the genome. ance the random integration frequency'
is known to .be far greater than the freguency of
1homologous recomblnatlon, a strong selection mechanism
is required to dlscard all those cells that have been
- transformed through random integration. Therefore, it
35 is preferred, accordlng to the 1nventlon, that a
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positive selection gene is used in combination with a
negative selection gene; optionally two negative
selection genes, residing in the targeting construct,
outside the regions involved in the homologous
5 Trecombination event. -The general strticture of such a
T-DNA construct is outlined in figure 13A. The boxes 1
and 7. each represent T-DNA borders, boxes 2 and 6 are
expression cassettes containing a negative selection’
gene, boxl 3 and' 4 contain sequences used for
10~ recombination and mutation of the target locus, and
box E contains sequences :mvolved in recombination
outside the target locus. The negative selection genes
serve to provide dlsadvantage_ (preferably lethality)
to the cells that have these gei-nes_ ‘integrated in their
.15 genome in an ekpressionable fashion '(e g. in an
expression Cassette, containing the structural gene:
between the regulatory reg:.ons that are required for
proper expression in the plant host). Accordingly, all
cells having the entire T-DNA randomly 1ntegrated in
20 the genome w111 ‘be harmed . or killed, due to the
pPresence of the negative selection genes. Only those
cells will survive that have the positive selection
gene integrated in their .genome, ‘while the negative
selection genes have been discarded as a consequence
25 of recombination within. the regions of homology. Since
scrambling of T-DNA is known to occur at a
considerably lower rate as compared to naked DNA, the
combination' of a positive selection gene inside the
regions of homology, and one, optionally two, negative
30 selection genes outside the regions of homology, has
_special advantage if used in combination with the
Agrobacterium DNaA-transfer systen. However, it may
very well work with, naked DNA too.
Since the property of intact integrat:.on (lack of
35 scrambling) will probably be connected with th fact
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that T-DNA is packed with proteins, this system might

" also work with'T?DNA packaged in vitro, as well as
with naked DNA of other origin than Ti/Ri vectors,
that has béenhpACked with DNA-binding proteins.

In ac'coraarice" with - the invention it is highly
preferred if ‘the construct contains two T-DNA borders
in their _.._x_nost active or:u_antatlon. However it is known
in the art that one T-DNA border is sufficient for DNA
10 transf'er', a_fand" also borders. can be used which are

synthet:.c or . are ‘integrated in the opposite
orientation with repsect to the wildtype 51tuatlon.

- The cho-:i..'c:e.. of _.the_ positive selection gene (contained
15 in box 5) is not critical with respect to the
inve_htio_n__'as‘vlong- as it is functional in the host, and
admihistieréd&.,to the plant host in an expreé.sionable
fashion. The positive selection gene. may ‘be chosen
from the:-grgup'j including (but not 1limited to‘)_ NPTII~
20 gehé (enﬁ:oding' resistance for kanamycin), HPT-gene
(hygromycin res:.tance) , the ALS gene (chlorsulphuron
re51stance) » DHFR-gene (methothrexate res;Lstance) In
order to . eipress these genes, strong constitutive
‘promoters:, méy "be used, such as the 35S, or the 19S
" 25 promte.r derlved from the caul:.flower mosaic virus
( CaMV) ' T-DNA promoters from Ag;obacterlug, but also
plant promoters,' or any promoter which is functional
in the host In general it is preferred that the DNA-
sequ}en_cés not. meant to be involved in homologous
30 re’cambihat’iori‘ do not have homology with DNA seguences
' res:Ldmg ‘in the genome of the plant. However in case
this is; requlred the regions of homology not meant to
‘part:.clpate :Ln the ‘recombination event should be kept
as small as poss:.ble, in order not to interfere with

35 the de51red “recomblnatlon event.

S
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The choice of the negatlve selection. gene (contained

in box 2 and/or box 6) is not cr1t1cal to the
invention as long as it is functional in the plant
host, and administered in an expressionable fashion. -

5 ‘The negative selection gene may for instance be chosen
from the group consisfing of aux-2 gene from the Ti-
plasmide of ‘Agrobacterium, the TK-gene from SV40,
cytochrome £450 from Streptomyces griseolus, the Adh-

gene from Maize or Arabidopsis, but any gene encoding

10 an enzyme capable of convertlng harmless substances

into harmful substances may be used.
Parts 3 and 4 of the targeting construct are most
critical with respect’ to the invention.

In a first preferred embodiment of the 1nventlon,

15 mutations are introduced in a . selected locus
(hereinafter called the target locus) reguiring that

the remainder of the sequence of the target 1locus
(i.e. on both site of the mutation to be introduced)

must be kept intact. Therefore, the sequence

20 immediately next to the mutatlon must also be prov1ded
in box 4 of the construct. Thus, mutations may be
introduced inside functional genes, or functional
_parts of genes, such .as régu-latory regions, signal
Sequence, sequences encoding parts (such as functional

25 domains) of the mature protein, or even introns , as
well as other functional target loci, not necessarily
encoding protein, without changing the sequence of the
target locus contiguous to the nmutation. In this
situation both box 3 and box 4 will have homoiogy with

30 the target locus, whereby box 3 serves to promote the
| homologous recombination event, and is therefore
indicated hereinafter as the recombination box,
whereas box 4 comprises the muta_tion as well as the
sequences of the target locus that should not be

35 changed, indicated hereinafter as the complementing
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box. E Sinc:eﬁ vthe'"v complementing box can only be
integrated ';'i,nto"z'.-";the v target locus after homologous
recombination within the recombination box, the
probablllty of a recombination event within the latter
box should be" favoured. It is well known that the
longer the - region: of homology the 1larger the

’probabillty .0of recombination in this region. It is

therefore preferred -that the recombination box be
suff1c1ently long to promote homologous recombination, »
and. furthermore, that it be significantly longer than
the complementlng box. -It should also be understood
that - 1f the recombination- box of the construct
represents the upstream (5') reglon, the complementmg

box _cor_xst:,tutes the downstream (3') region of the

targe_t locus, and vice versa. Furthermore box 3, 4,
and E should have the same 5' to 3' orientation.
Most"‘importantlir,’ the order of boxes 3, 4, 5, and E
can not "be changed in this embodiment of the
1nventlon, ‘ although ‘the entire. fragment may be
:|.nserted in the opposite orientation with respect to
the 'I‘-DNA borders. Likewise, also the entire fragment -
:ancludJ.ng ‘the ; negative " selection markers may be
inverted with respect to the T-DNA borders.

In the cohstrﬁctS, the complementing box may carry
three kinds of mutatlons  Wwhich per definition are
located :meedlately next to the recombination box.

' These mutatlons comprlse insertion of basepairs, which

may be from one to several thousands of basepaz.rs, a
replacement of basepairs, not changing the number of
basepairs =ef the target locus, or a deletion of

,_;,hasepairs reduc:.ng ‘the number of basepairs, which may

be 1 basepan.r -or - as much as several thousands of

o basepal,rs of the target locus, or comb.mat:.ons of

Sdwe
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It should be understood that the recombination box in
the construct does not necessarily have to start at
the precise beginning of the target locus as it is
defined. It might as well begin before or after ‘the
5 . start of the target locus. However, per definition, it
- ends exactly at the point where the mutation of the
target - locus' must begin. The complementing box, per
definition, starts exactly with the first nucleotide
of the mutation, in the case the mutation is an_
10 1nsertlon or a replacement but does not necessarily
have to end at the last nucleotide of the target.
locus, although also per definition, it includes the
last nucleotide of the target locus. In the case the
‘mutation® constitutes a deletlon of basepalrs, the
15 complementlng' box begins exactly where ~the deletion
ends. Of course, the complementing box may contain
more than one mutation, even more than one type of:
mutation. If, in this case, the number of bases
separating the the different mutations is large with
20 réspect- ‘to the regions of uninterupted homology, it is
Preferred that such mutations are integrated into the
plant genome one after the other, i.e. in dlfferent
Vtransformatlon experments.
In principle, an entire expressible gene may be
25 inserted into the target locus, which gene may itself
' provide a selectable or screenable trait. In this case
box 5, represent:mg an expressible positive selection
gene, may be absent in the construct. Consequently,
the need for a -region of homology outside the target
30 locus (box E) "is also lost.

In a second preferred embodiment of the present

invention, box 4 may represent a sequence that is

-entirely non-homologous with respect to the target
35 ‘locus. Thus, it may be an exogenous sequenc with
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respect, toj :'the. h'ost, Vfor instance a seguence derived
from a different variety of the—same plant species, a
different plant species, an organism other than a
plant, e synthetic sequence, or a genetically
5 'manlpulated exogenous sequence, but also a sequence
~_ that is : endogenous to the plant host, derived from a
‘dlfferent locus of the host genome. In the latter case
the chanoes’ of ‘undesired homologous recombination
should be nunlmlzed 'by reducing the length of box 4
10 with respect to- box 3..As for the situation mentioned
above, box 5 may be absent if after recombination a
. _seleﬁctable. .or, screenable trait arises, eliminating the

need _for-jan e'ddit'ional selection gene and box E.
15 In a third embodiment of the invention, the site
__:direo_ted, _nutegenesis of the genome merely aims at
. total -inac_:ti_‘vation of - functional genomic regions.
.The'se fnndtionel- regions include, but are not limited
) to, genes, .regions involved in regulation of gene
20 expression, = DNA  replication, and the like.
Inactlvatlon may be achieved by creating deletions
inside the i target - locus, replacements. - (e.g.
introductlon “of stopcodons) or insertions (e.dq.
c'a_usi__ng f:ameshifts and the like), using any of the
25 constniots_l -mentio_ne_d' above_‘: It will appear to an
expert, that in ‘those cases the inactivation of the
ta.rget. loc{is ""c'a'n-v’be selected or screened for directly
due to the apparent phenotype of the ta.rget "locus,
there w1ll be no need to provide for positive nor
30 'negatlve select:.on genes. The construct may just
’ contain box 1, 3, 4, and 7, in which box 4 may contain
'any klnd of mutation that is. sultable to inactivate

the target locus
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A somewhat dlfferent target:.ng construct indicated as
'1nsertlon vector' is depicted .in figure 13B. 1In
addition to the construct outlined in figure 13A, this
construct may be used to introduce insertions (box I)
5 . into the target .locus. Here, Box 3 and 4 represent DNA
sequences homologous to the target locus, in which the
basepair eequences of the boxes still hav'e the same 5!
to 3' order as in the target locus, but the ent:.re
boxes changed places with respect to the situation in
10 ~the target 1locus. A funct;\.onal alternative of the
‘ construct deplcted in figure 13B is one in which both
box 3 and 4 point to the other side.
“Although targeting of endogenous DNA sequences is
15 - -exémplified ‘using a target construct in which the
promoter and part of the leader. sequence of the small
subunit of the ribulosebisphosphate carboxylase (rbcs)
gene are comprised in the recombination box, it will
appear to an expert that in principle any part,
20° . vwhether belonging to the regtilatory elements of a
gené, the coding regions of a gene, or ’any other
sequence of ‘any gene, gene fragment or different DNA-
Sequence, may be used in the recombination box in the
targeting construct, in order to promote homologous\
25 . recomblnatlon. To put it differently, any part of any
gene or any other DNA Seguence may be mutated in an
exactly deflned manner, provided the DNA sequence of
the regions immediately flanking the site to be
mutated is sufficiently known, using a .construct as
30 ~depicted in figure 13A. The invention is not
restricted to loci of which the DNA sequence is known,
since the availability of new DNA—sequences is just a
matter of time.
Although the invention is exemplified with tobacco
35 protoplasts and plants, also protoplasts from other
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) sPecies can s be transformed using this method, both
monocotyledonous and dd.cotyledonous, as well as other
- parts 'of plants or. tissues, e.g. tuber-discs,"'ieaf-
discs, embryos,.pollen, merlstems, and the like, as
5 --.1ong as they can be transformed with ‘the Agrobacterium
o transfer DNA-system Plant groups of spec:.al 1nterest-'
" in the llght of- th.;Ls :anentlon :anlude but are not
limited to the Sglanaceag, Le rnos e, Umbelliferae,
‘ -'M,_: Com2051tge, Al"liaceae,'- -~V‘it=.1___c_e_g,‘ '
10 Compositae, " Asparagaceae ‘ Chenopodiaceae;, Liliaceae,
: »0rch;deaceae Iheac_eae,_ Coffea, Cucurbitaceae, and the
lJ.ke. ' o

. In -p_rinc_:ioie, the naturally.-occurring DNA-transfer
15 system of Ag_; 'g"bacteri'um: could be used to practice the.
N invention,”j'but ‘the~ size of the ‘wildtype Ti- and Ri-
-.plasmids . h.ampers ~the manipulation of the T-DNA using
recomblnant " DNA  techniques. Therefore, modified

Ag;obacte;;m" ’v’ector' " systems ..are ..used in ‘genetic
.20 - englneermg of plants. The plasm:.ds that are subject

to genetlc manlpulatlon have been trimmed to a more
convenlent size. With these so-called co:mtegrate '
vectors, .tiae fore:.gn -DNA (whether or not next to one,
‘ or between two. borders)’ can, via small plasm:l.ds that
25 are capable of replicating in g.col; be brought onto
» the - TJ.- :-'o'r Rl—plasmid by means of homologous
recomb:.natz.on (Hille et al., 1983b; Barton and
Chilton, 1983} . Zambryski et al., 1983; Deblaere et
Ta1., 1985; Fraley et al., 1985).
© 30 ,Espec1ally preferred in accordance Wlth’ the invention
- s the so-called blnary vector system, in which the T-
reg‘ion 1s carried by the binary vector, a plasmld
| whlch is capable ‘of replicating in both E.coli and
‘ A_,gm_eiag;ggs,. . while the Vir-r gion resides on a
35  helper Ti-'or Ri-plasmid (De Framond et al., 1983;
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Hoekema et al., 1983; Hoekema et al., 1984a).. The T-
region now only contains border sequences between:
which the genes that are to be transformed can be.
cloned. Hereby the enhancer element 1s present next to
5 the rlght ‘border.

Also when the T-DNA is located on. the chromosome of
Agrobacterium it can be transferred to the plant cell,
_provided that the virulence genes are present in trans
‘in the same bacterium (Hoekema et al., 1984a)

10 When Ti- or Rl—plasmlds are introduced into bacterla
that are related to Aggobacterlum, such as Rhlzoblum~”1_
(Hooykaas et al., 1977) or thllobacterlum (Van Veen -

et al- 1988), . then ' the T-region of these plasmids
A appears still to be transferred to “the plant cell, .
15 upon coincubation.

The system of Agrobacterium-mediated gene-targeting
‘may be applied, among others, for the in situ
modification of genes of interest in the - field of;_;-
20 = human nutrition, - food-processing, animal-fodder, A
' industrial non-food appllcatlons »and' plant" genes‘
related to environmental fitness.
The ;g situ medlfleatlons of genes may - affect eny
aspect of gene functioning, regulation ‘of gene
25 expression, or protein functioning. -
Affecting gene functioning includes any mechanism of
complete inactivation of genes (including members of
multigene families or other sequences) the -expression
of which is not des1red._Such genes may be encoding
.30 kKey-enzymes in metabolic pathways, such as fatty acid-
, carbohydrate-, or secundary pathways. Inactivation
"of such genes may cause specific alteration of these
metabolic routes. Such alterations may be desirable as
to inhibit the formation of metabolites that are
35 unhealthy (such as specific alkaloids, and the like)
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untasty, or'.otherwise undesirable. It may be very
_advantageous to 1nact1vate genes that are involved in
fruit | rlpgnlng,vflowerlng, pollination, and the 1like.
‘Also genes may be inactivated in. plants that are used
5 as raw materlal in food processing, production of food
'lngredlents,A pharmaoeutlcals, or for industrial use
' and‘ the like. V ‘
The 1nventlon 1s also very useful for the 1nh1b1tlon
of the formatlon -of protelns -or polypeptides "that arev

10 _themselves undesired for instance those that  are
toxic to humans, domestlcated animals and cattle, and -
the like. o

- xir'regulationnof gene expression
15" "' In a slightly different embodiment of the invention
' genes of Lnterest may not  be entlrely 1nact1vated, but
' their - ‘ regulatlon of expression modified. Such
, modificatlons may involve non-modulated stimulation of
) “ A_express1on (overexpre551on), (partial) inhibition of
20 . .expre551on, '_respons;veness to certain internal
, ' (hormones, metabolites) or external (heat, cold,
drought,.light—intensity, day-length, tactile stimuli,
‘chemicals;_.‘pathogens) signals. For purposes of
-simplicityjregulation of gene expression includes also
25 protein-sorting (transport of proteins to specific
compartments of the cell or the extracellular space).
It is known that certaln DNA sequences are involved in
non : spec1f1c .-stlmulatlon ~ or inhibition, other
sequences 'in respon51ve stimulation or inhibition of
30 gene expre551on. Many of such sequences such as
regulatory elements (including promoters,
transcrlptlon _ and translation enhancers,  light-
responsxve elements, and the like), sequences coding
A for signal peptldes, organelle import domains, transit
35 peptldes apd the ‘like are known in some detail, and

. SUBSTITUTE SHEET



- WO 91/02070 A PCT/NL90/00106

25

many more will come at hand in the near future. It has
been established that many of such sequences
-constitute a functlonal domain of itself (i.e.
'functlonlng irresponsive of other functional domains),
5 . which creates the possibility to combine hitherto
nonexisting combinations of domains, thus altering |
regulation ad libitum. However, it seems that genomic
localisation may ‘play a Signifioant role in the
regulation of newly introduced  gene-constructs -as
10 well, sometimes completely overruling other factors .
affecting gene regulation. Sometlmes, genes can not be
expressed in a spec1f1c plant host at all. ThlS is one
of the major problems in genetlc ,englneerlng of
plants. The present invention may help to solve thls
15 problem in creatlng the pOSSIblllty to target newly
’ introduced gene-oonstructs to genomic loci that have a
somehow predictable expression mode. For instance,
genes that need overexpre551on can be targeted now to
A genomic -loci that are known to. be very active. In-
20 order to achieve this highly active loci can be chosen
' such as the loci on which some of the rbcS genes, the
chlorophyll a/b binding protein genes, and the like,
are located. The -DNA-sequences of interest. may be
introduced with or their -own regulatory elements, such
25 as promoters, enhancers, transcrlptlon termlnators and
the like, or fused to the regulatory elements present_
in the target locus. .

_ The problem of poor expression also plays a role when
30 one wants to alter the structure of endogenous genes,
as to modify protein structure, or domains involved in
routing, without changing the genomic location.
- Formerly, such genes were isolated and modified in
» vitro,'andvsubsequently reintegrated into the plant
35 genome using standard transformation t chniques. By
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doing-.so; the - altered gene-construct reintegrates
randomly into _the " plant  genome, often losing its
specifie:;egulation. Using methods provided for by the

_ - present ‘inv_ention,'_ the gene can now be modified in

s situ, with 1little chance to abolish its mode of
' expre551on.~3~ . : ‘
For .the example, the amino acid content of the encoded
proteln can be: changed by insertion, deletion and/or
substltutlon,of amino acids following replacement of
10 some or all~o§;the basepair sequence encoding for the
protein.uGenesﬁof particular interest are genes coding
forsabqndant-proteins like seed storage proteins such
as ge;n,J-napin,* phaseolin, storage aibumin .and the
'like;fof which the nutritional value can-be raised by
15 introduoing*norejessential amino acids, such as lysine

- or tryptophane. . o
Furthermofeﬁ' the 'invention' can have considerable
advantaqe_whenfused for the in situ modification‘of
proteins,;involved' in some” form of jenvironmental

20 stress. These,genes;often haVe a very intricate mode
of gene'reguiation which one might not want to disturb
by changlng the genomlc location of the gene, although
it m;ght be advantageous to change the protein itself.
For 1nstance the mode of action, stablllty or pathogen

25 ”range of a'partlcular proteln can be changed.

a On the other hand mutations may be introduced into a
gene of '1nterest expressly causing altered gene
4expres510n at the protein level. Thls may be achieved
for 1nstance by altering codon usage. These mutations

30 can . be 1ntroduced u51ng techniques very well known in
the art S o
The follow;ng flgures illustrate the invention.
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“Fiqure 1:

Construction of plasmids PSDM4 . and  pSDM7, which
contain the intact Km" gene that is functional in
plant cells. These plasmids served as basis for the

- construction of the different~defective genes (figures

2, 3 and 5). The following cloning steps are depicted
here: 1) the transfer of the BglIT/HindITI fragment
from pMOGEN24 to - PUC12 (xBamHIXHindTII), 2) the
replacement of the transéription termiﬂator of the
nopaline synthase gene (3'NOS) with that . of ' the
octoplne synthase gene (3'0CS), 3) the introduction of
a 8 bp synthetic DNA fragment (linker) containing a
XhoI restriction site at the EcoRI restrlctlon site
and 4) the transfer of the SupF contalnlng fragment
from plasmld 7VX to the BamHI site of psDM4.

- Abbreviations and symbols are explalned in the legend.

Figgre"Z:

Constructlon of the defectlve Kn" genes 5'aI, 5aII and
3'al starting from plasmid pSDM7. The intact Km' as it
present on pSDM7 1s depicted linear. Beneath it the
defective genes are depicted with lines. The 1lines
indicate which DNA sequences of the intact Km" gene
from pSDM7 are still present in the defective genes.

The 5'AI was obtained by replacing the XmaITI/BclI
fragment after filling in with Klenow-polymerase,
with an ollgonucleotlde of 10 bp, on which an EcoRI
site (EcoRI- linker) is located. Replacement.  of the the
TEhITI.1/BclIX fragmént after filling in with Klenow-

polymerase, with an EcoRI-linker (10 bases) resulted

in 5'AII. In 3'aI the 3¢ region of the Km" gene till
the RsrII site was removed. The SupF gene was cloned
distal from the mutant XKn' gene. Abbreviations and’
Symbols are explained in the 1 gend.
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Figure 3:

Clonlng of the 'defectlve Km" genes (see figure 2) as

X_h_I/,Ij:LndIII fragment 1nto the binary vector pSDM5

(x&LI b4 deII) In this way the defective genes
were located next to the Hm' gene between the T-DNA
border sequences (see figure 4). The plasmid pSDMS was
derlved from pMOGEN24 by replacing the SphI fragment
of pMOGEN24,~ after blunt-ending with Klenow-

polymerase, with a 'XhoI-linker (10 bp synthetic' DNA . .

fragment containlng a XhoI restriction site). See also
legend. '

overview of the T-region of plaSmid pSDM100 on which
the intact Km' gene is located. Beneath it, with black.
line's' is indicated ‘which DNA-sequences of the T-region
of pSDMlOO are also present in the T-reglon of pSDMio02
and ln that of PSDM104. See also legend.

Fiqure 5: - -

: Construction -of the 3' deletion mutants of the Km"

gene starting' from the plasmid psDM4. A 75 bp
MdIII/Lm_HI fragment with synthetic octopine type
left border sequences was introduced behind the intact
K" gene on ‘pSDM4, resulting in pSDM8. The sequence of
the fragmeht contalnlng the synthetic left border is
shown in figure 6. Through deletion of an EcoRV/BamHI-
or an Eg_RV/ng_II—fragment respectively the plasmids
pSDMS* ‘and. 3'AIIa were obtained. In this way the
1ntact or defect:we Kn" gene is located between border
sequences.: ‘In. pSDM9. the 110 basepair HindIII/Bgl

fragme.nt of the plasm.d PRAL3912 (Hoekema et al.,

oL
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1985) was placed behind 't;he Kn"-gene. This fragment
contains the wildtype octopine left border sequence.
The plasmids psSDM9* and 3]AIIb were obtained from
pSDM9 Dby deleting the AccI/BstEIT fragment or the
AccI/RsrII fragment, respectively. The T-regions of
the plasmids pSDMS*, pPSDMo*, 3'aITa. and 3'aIIb. were
transferred as EcoRI/HindIII fragment to the binary
vector pLM997 (see figure 7), resulting in the vetors
PSDM200, pSDM210, PSDM201 and pSDMle.

Figqure 6:

The sequence. of the synthetic HindIII/BamHI fragment
on which the left T-DNA border of theipctOpine type is
located. The recognition ‘sites for different
restriction enzymes are indicated above and beneath
the sequence. '

Figure 7:

Construction of plasmid pIM997. Plasmid pIM997 was
derived from pMOGEN24 by deletion of the gg;II
fragment carrying the T-DNA followed by the
introducion ~of a so-called polycloningsite (a
synthetic DNA—fragment'containing several recognition
sites for reétriction enzymes) in. the remaining BglII
restriction site. The EcoRI and HindIII sites in which
the EcoRI/HindIII fragments of plasmids pSDM8*,
PSDMS*, 3',IIa and 3'aIIb were inserted, are indicated
with arrows.

Fiqure 8:

Illustration of the detection of recombination events
via Southern analysis and the polymerase chain
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s reactioh (PCR) Genomic DNA of va" plant 1lines
obtalned -ﬁrcin the .cotransformation expern.ments was
- digested - mth &RI/ _c;__I and g_L_dIII. The fragments
that . were detected after blotting and hybridization
5 with the 3-!OCS- or the NPTII-probe are deplcted. A 2.1
Kb fragment is indicative’ for the presence of a
repaired - NPTII -gene. Digestion with HindIII only
generates ' junctlcn fragments (i.e. fragments that
' contain the ‘;_jun'_c_‘tibfzr ‘between plant DNA and the
10 J.ntegrated T-DNA copy). The number of HindIII
' fragments was -used as an indication for the number of
T-DNA 1nee1_:ts in the plant genome.
PCR ahéiye'is vusing primers 2 and 3 was performed on -
plants in Whlch the 2.1 Kb EcoRI/Bcll fragment was not
15 ‘,detected. ‘I‘he prJ.mers anneal within the regions that‘
are deleted in the defectlve NPTII genes.’ Only when a
repa:.red N'PTII ~gene ' is present a 593 bp fragment is
ampllfled Pruners 2 and 3 are indicated in the fn.gure
_ . by arrows that pc>1nt from the 5'- to 3'-end.
20 sLB—synthetlc ‘left T-DNA . border repeat; B=BeclI;
E=EcoRY; H=HindIII. -

.ziggre 9.: i

25 Detectlon of recomblnants after Ag:_obacteglum mediated
transformato.on of protoplasts of the target line with
the T-DNA construct of pSDM101 using the polymerase
cha:l.n reactlon (PCR) The target locus of the plant
line 104(.1.6) _:Ls depicted as are the T-DNA constructs

30 of pSDM100 and pSDM101. The 20 basepair long
bl»igonuelec’i;t'idefs._l and 2 that were used in the PCR,
are indicated with arrows that point from the 5'- to
the 3'-end. - -

R < S
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igure 10:

A. The translat:.onal SSU-NPTII fusion constructs (see
example ° and 11). The constructs were cloned as
HindIII or gs_‘t;I/H_l_ngII fragment into the poly-cloning
sites of PIC20R, resulting in the plasmids pNTSS1,
PNTSS2, pNTSS3 and pNTSS4. pNTSS1 contains the fusion
gene that cons:.sts of the complete sequence of the SSU

- Clone (gdeII fragment) and has the 1690 bp BamHI

NPTII module from pSDM53 inserted in the 4th. exon.
The coding sequences of the SSU gene (exons) are
1nd1cated with the boxes numbered 1. to 4. Non-coding

regions of the gene such as promoter, introns and

terminator are indicated by a single line. Construct
PNTSS2 was derived from pNTSS1 and lacks the promoter
and part of the co‘ding region up to the PstI site
(P1). Plasmid pNTSS3 contains the complete SSU clone
that has the BglII/BamHI NPTIT module inserted in the
2nd.exon. pNTSS4 contains the promoterless fusion gene
of pPNTSS3. Below the constructs the length of the
fusion genes is indicated in basepairs. From the pIC
plasmid the fusion consfructs were excised as
SalI/XhoI fragment and cloned in the Sall/Xhol sites
between the borders of the binary vector pSDM14,
resulting in pNTSS11A/B, PNTSS12A/B, pNTSS21A/B and
PNTSS22A/B. A/B indicates the orientation éf the
fragment in pSDM14. Only the B orientation is shown
here. The construction of pSDM14 is depicted in figure

11. O. D.— overdrive sequence.

"Restriction sites: Bl=BamHI, B2=BglII,El1=EcoRI,
Hl=Hpal, ' H3=HindIII, Ki=KpnI, P1=pstI, S1=8all,
X1=XhoI.

SUBSTITUTE SHEET

PCT/NL90/00106



WO 91/02070

10

15

20

25

30

32

B. The - ;E;Q_QRI/ZQI_IQIII fragment that was used to
const_rnct ;“pSDM53 was composed of 2 complementary
oligonnclectides" (I and 1II). The sequence of the
fragment is shown and restriction sites are indicated
above. the k seguence. Below the seguence the amino
acids  of the - ‘translation product are given. The
numbers 2 and 3 below the amino acids refer to the
second and third codon of the NPTII coding sequence.
At the bottom of the figure the DNA and amino acid
sequence of Ethe fusions between the coding regions of
SSU and NP'I'II are shown.

re 11:
The co'nstruction of the binary vector pSDM14. See
example 10 for detailed descrlpt:l.on. See also the
legend. :

Figure 12:.

Plasﬁiid pNTSSSJ.Z ‘contains an alternative T-DNA
construct to. ta.rget the SSU locus in tobacco cells.
The - constructz.on of this plasm:.d is described in
example 12, ‘The boxes 3' ‘and 5' indicate the
downstream and upstream non-codlng sequences of the
aux-2 gene. The non-codlng .sequences of the SSU-gene
are 1nd1cated by a line and the cod:.ng regions (exons)
are deplcted by the boxes 1 to 4. See also the legend.
Restrlctlon - s:Ltes. Bl=BamHI, B2=B _g_]_._II,El—&:_o_RI,
Hl=HpaI, 3=&ngII Ki=KpnI, P1=PstI, Si=Sall,
Xi=fhoI. |
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Fiqure 13:

A consensus for T-DNA constructs that can be used to
achieve gene targeting. See chapter "detailed
5 description" for explanation of the numbered boxes.

The following Examples only serve to illustrate the
1nvent10n and do not mean to llmlt the scope of its
10 appllcatlons. ) A

Example 1

Transformation of tobacco pfoﬁoplasts by cocultivation
15 with Agrobacterium tumefaciens

Cocultivation is the plant cell transformation method
in which plant protoplasts and Agrobacterium are
incubated together and where during A subsequent
20 regeneration from protoplast to callus selection takes
pPlace on the transfer of T-DNA (Marton et al. 1979;
Fraley et al., 1984). .
For the experlments described below the followlng
‘protocol for cocultlvatlon of tobacco protoplasts with
25 A.tumefaciens was used. Nicotiana tabacum ecv. _petit
havana SR1 plants were axenically grown in Magenta
boxes, filled w1th 50-60 ml ‘Daichin-agar (0.6%)
solidified MS30-medium (Murashige and Skoog, 1962;
contains 30g sucrose/l). Every 5-8 weeks apical
30 meristems of the pPlants were transferred to fresh
medium. Protoplasts were prepared from leaves of 5-8
week old axenlcally grown tobacco pPlants by overnight
incubation at 26°C in K3 0.4 M sucrose medium (Nagy .
and Maliga, 1976), 1 % cellulase R10, 0.1 % Macerozyme'
35 R10 and 0.1 % MES. The protoplasts were washed one
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time in K3 sucrose medium, diluted to 1X10° cells/ml

in K3 médi'uﬁi_ containing 0.4 M glucose (K;G) and
distributéd 'in_'batches of 7 ml in 9 cm petridishes.
'They were .mcubated overnlght in the dark prior to

5. cocultlvatlon with the bacteria. Agrobacterium strains
were grown at . 29°c in LB medium containing 20 mg/l
rlfa;apica.n and 50 mg/l kanamycin. End log phase
' cultures were‘diluted in K,G medium and the bacteria
were added  to the protoplasts at a ratio of

i0 _'approximately 16'0 ‘bacteria per protoplast. Af'ter‘ three
' days" of"'coc_tiltivation the protoplasts were embedded in
agarose d:Lscs by 'mixing' 5 ml protoplasts with 5 ml 0.8

% low meltmg-type agarose (Sigma) "in SII medium
(Muller et: al., 1983) containing 0.1 M sucrose and 0.2

15 M mann;tol. 'I'he bacterial growth was stopped by the -
addition "-_ofn_ cefotax:.m ‘and vancomycin to final
concentratlons of 200 mg/l and 100 mg/l, respectively.
‘After 10 days 15 ml SII medium containing either 50
‘mg/l kanamyc:m or 10 mg/l hygromycin was added to the

20 discs. Seven days later 15 =nl SII medium with
- kanamyc:.n at ,100 mg/l and hygromycin at 20 mg/l was
added. From this moment on the medium was refreshed

E weekly by replacing 15 ml ‘old medium with 15 ml fresh

_ SIII medium. (100 .150 mg/l kanamycin, 20 - 30 ng/l
-.‘25. hygromyc:m) Th:.s med:.um is 1dent1cal to the SII-
"~ " medium except for the mannitol concentration which is
0.1 M :Lnstead of 0.2 M. The plating efficiency was
determ:n.ned by lncubatlon of 1/8 part of an agarose
dlsc on llquz.d medium without selection. The hormone

30 reglme J.n +the K3 ~and SII media was 1 mg/l NAA, 0.2
 mg/1 BAP and 0.1 mg/l 2.4D. In the SIII medium 2.4D
was onu.tted Cefotaxim and vancomycin were added to

£ lnal concentrations of 200 mg/l and 100

mg/ l respectlvely

]

L e
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Microcalli were harvested from selective or non
selective medium 4 to 5 weeks after embedding the
protoplasts and were transferred to MS30 medium
(Murashige and Skoog, 1962) containing 3 % sucrose,

5 1.0 mg/1 NAA and 0.2 mg/l BAP and solidified with 0.6
- % agar (Daichin). Shoots were induced on solid MsSi15

' medium containing 1.5 % sucrose, 1.0 mg/l BAP and 0.1
mg/l NAA. Solid medium also contained 100 mg/l
cefotaxim and 50 mg/1 vancomycin and for selection 100

1o mg/l Kanamycin or 20 mg/1 hygromycin was added. Shoots
were tested for Km" or Hmf by allowing them to root on

MS15-medium to which 20mg/1 hygro. or 100mg/l kana.
was added.

Example 2
15

Construction of defective NPTIT genes
- o

Construction of . the vectors containing different
defective NPTII genes started from the binary vector
20 PMOGEN24 (see figure 1). This plasmid was derived from
the vector pROK1 (Baulcome et al., 1986) and contains
between the borders of the nopallne Ti~ plasmid pTiT37
the genes, functional in plants, for kanamycin
resistance (Km") and hygromycin resistance (Hm") in
25 opposite orientation. The vector pMOGEN24 is obtained
‘through standard recombinant DNA techniques (Maniatis
et al., 1982) from PROK1 by cloning the coding region
of the E.coli hygromycin phosphotransferase (Hpt) gene
) (Gritz et al., 1983) as a BamHI-fragment in the BamHI
30 restriction site in PROK1. Consequently, the coding
sequence df the HPT gene, from 19 hasepalrs in front
of the translation initiation codon up to 20 basepairs
behind the translationstop codon becomes located
between the 35S cCanmv promoter and the transcription
35 terminator of the nopaline synthase gene.
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~Just " in front of the . actual +translation startcodon
(ATG) another ATG~codon is present. Because this first
codon mlght dlsturb translation from the actual codon
" the sequence of this codon was changed into ATaA v1a\
5 ollgonucleotlde nmutagenesis, a standard recombinant
’DNA'technique; Accordingly, ‘the BamHI sites on both
a51des of. the HPT . fragment was deleted by filling in.
u51ng Klenow polymerase (Maniatis et al., 1982).

10 The gg_II[ggngII fragment from PMOGEN24 with on it
the rlght border and the Kn' gene was transferred to
the plasmld pUClz (Me551ng, 1983; see figure 1) after
it had. been dlgested with BamHI and HindIII (Maniatis
et al.,. . 1982). :Subsequently, the transoription

15 terminatlon sxgnal of the nopaline synthase gene was
‘replaced by the termintion signal of the octopine
synthase denéi This -resulted in the plasmid pSDM2
(figﬁre 1)xon‘which are located succesively: 1) the
.rlght border of pT1T37 (RB), 2) the promoter region of

20 the’ nopallne synthase gene up to the base in front of
the ATG start_codon (5' NOS, Bevan et al., 1983), 3)
the codinglregion of the NPTII gene derived from Tn5
from the $aullla site + 10 basepairs (bp) in front of
the ATG start codon till the PstI site that is located

25 % 370 bp behlnd the TGA: stop codon (Beck et al., 1982)

" and 4) a 700 bp PvuII fragment that contains the
transcrlptlon ‘termination signal of the octopine
synthase gene (3' OCS, Gielen et al., 1984).

To sxmplify relntroductlon of the Km" gene of pSDM2

30 or defective mutants derived therefrom into the binary
‘vector, a XhoI-linker was introduced at the EcoRI-site
(flgure'l).uThls results in plasmid pSDM4. A XhoI-site
was lntroduced in the binary vector pMOGEN24 as well,
by replaclng a §ng -fragment with a XhoI-linker. SphI

35 cuts in pMOGEN24 just before the rlght border and
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within the - coding region of the Kum' gene. Thus,
Plasmid pSDMS was obtained (figure 3).
Finally, to be able to isolate the T-DNA constructs
1ntegrated in the plant genome by recombination via a
-5 Lambda vector library (Maniatis et al., 1982) , the
' so-called supF gene 1located on a 'EcoRI fragment
derived from plasmid 7VX (Seed, 1983) was cloned next
to the_Km’_gené. Using the so-called amber/suppressor
system, also used and described by Smithies et al.,
0 (1985), ‘the Lambda phage library can be enriched for
the fragments that contain this supF gene. The EcoRI
‘restriction sites of the supF fragment were filled in
with- Klenow polymerase and ligation of BamHI-linkers
to the fragment was followed by digestion with BamHI.
15 The BamHI fragment was ligated into the BamHI site of
PSDM4, resulting in plasmid pPSDM7 (figure 1).
The defective Km" genes were derived from pSDM7 (see
figure 2). As an illustration the construction of one
of the defective genes, namely the 5'4II construct, is
20 extensively described below. The construction of other
defective Km" genes is roughly indicated in figure 2.
For the construction of 5'aII, pSDM7 was cut with
restriction enzymes IthTII.1 and XmaIII, the ends were
made blunt by filling in with Klenow polymerase and on
25 the site of deletion an EcoRI-linker (10 bp) was
' inserted. Due to this modification a sequence that
codes for an active region of the NPTIT enzyme
wasdeleted (Beck- et al., 1982). The sequénce at the
site of the mutation was checked using the dideoxy-
30 sequencing method (Sanger et g;.; 1977). Like the
other defective Km" genes 5'4II was cloned as a
XhoI/HindIII fragment into the vector pSDM5 that had
been cut beforehand with XhoI and HindIII. The

resulting plasmid was called psDM102 (figure 3, 4 and
35 8).
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The 3'a n'ﬁitants , ﬁsed in the eéxperiment described in
;Example 3 are depicted in f:Lgure 5. Start:mg from the
,1ntact Km" gene located on plasmid pSDM4, two types of
,constructs were made. One type was obtained by
5 1ntroduc1ng a 75 bp HindIII/BamHI fragment containing
‘ the synthetlc octop:me left border sequence (flgure 6)
behind the intact Knm' gene on pSDM4. This resulted in
p plasm.d PSDM8. Through deletion of a EcoRV/BamHI- or a
»EcoRV/RerI fragment respectively the plasmids PSDM8*
10 and 3'alla were obtained. The defective gene (3'aIlla)
" lacks part of the coding region of the NPTII gene and
the transcrlptlon termination signal. For the other:
construct type a HindIII/BglII fragment, containing
the w11dtype octopine left border “sequence derived
15 from the plasmid pRAL3912 (Hoekema et al., 1985) was
transferred to. psSDM4 that had been digested with
'E,,LndIII and ‘BamI. From the obtained plasmid pSDM9 the
V.Ach/ __;II fragment on which part of the cod:Lng region
of ‘the NPTII gene . the transcription termination
20 signal (3'oc5) and a part of the HindIII/BglII
fragment from pRAL3912 is_ located, is deleted. This
results in 3'AIIb. An intact Km' gene with the same
border . fragment behlnd ‘the 3'0CS was obtained by
»deletlng the MI/BstEII fragment (pSDM9%*). The
- 25 restrlctlon s:Lte for BstEITI is located behind the
transcrlptlon term1natlon signal at the end of the
3'ocs part 'I'he constructs with an :Lntact or defective
Kn" gene between the right and 1left ©border
(respectively pSDMB* . pSDM9*, 3'asIIa and 3'aIIb) were
30 transferred 'as ECORT/HAndIII fragment. to plasmid
‘ pLM997 (see flgure '7), that was cut beforehand with
E_QRI and g;gdm This resulted in the binary vectors
pSDMZOO, pSDMZlO 3 pSDMZOl and pSDM211, respectlvely
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Binary plasmids were mobilized'by a triparental mating
(Ditta et al., 1980) to a rifampicin resistant (riff)
Agrobacterium strain, that already contained a helper
: Ti~plasmid without T-DNA (e.g. Hoekema et al., 1983;
5 . Deblaere et al., 1985). Conjugants were selected on LB
agar medium’(Maniatis et al., 1989) containing 20mg/1
rifampicin and 50 mg/l kanamycin. , Aqrobacterium
'strains were named after the binary plasmid they

contain.
10 . \
' Example 3
Homologous récombination in tobacco  protoplasts
] between two simultaneously introduced T-DNA's ’
15 : :

The possibility of homologous recombination between
two T-DNAs in a Plant cell was tested by transforming
tobacco protoplasts with fwo T-DNAs, by simultaneousl
cocultivating +the tobacco protoplasts with two

20 different Agrobacterium strains. Both strains were
derived from the same non-oncogenic helper strain, but -
harbour a different binary vector. The T-DNA of each .
binary vector contained a different defective NPTII
gene, one with a deletion in the 5! part of the coding

25 region of the gene (pSDM102, figure 4 and 8) and the
other with a déletion in the 3' part of the gene
(pSDM201, figure 5 and 8). In example 2 the
construction of the different defective NPTII genes is
descxibed in extenso.

30

Tobacco protoplasts were cocultivated according to the

procedure described in example 1, with the following

strains: 1) 1,5x166 protoplasts with SDM102 alone as a
35  n gative control, 2) 1,5x10° protoplasts with SDM201
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alone 'o_r '.-‘SDM211 alone as a negative control, and 3)
1,5x10° protoplasts with both SDM102 and SDM201 or
both SDM102 and SDM211. '
(Co-)transformatlon _frequencies of the various
5 constructs were - determlned in a smaller experiment.
Here, ‘ leo protoplasts were cocultlvated with both
SDM102 and SDM200 or both SDM102 and SDM210. For
: straJ.n ' SDM102 the " transformatlon fregquency . was
determlned by - us:Lng the hygromycin resistance = gene
10 present on the T-DNA of plasmid pSDM102. Strains
SDM200 and SDM21G were used to estimate the frequency
with which the T-DNA of respectively strains SDM201
and SDM211 was transferred to tobacco cells. The T-DNA
of the b:mary vector of strain .SDM200/SDM210 is
15 ,snnllar to that of SDM201/SDM211 except that it
contains an intact NPTII gene construct between right-
- and left T-DNA border 1nstead of the 3' deleted gene. .
Approx:unately 5-7% of the protoplasts regenerated to
. callus. of these surviving calli + 20% appeared to be
20 transformed Wlth ‘the 102. construct, whereas for both
~ the construct 200 (=201) and the construct 210 (=211)
transformation percentages' were observed of + 15%. Of
the call:L that had already been transformed with one
construct - (Hm or Kn") approximately 30% appears to be
25 ',transformed with the other construct (Hm" or Km').
In the cocultivation experiment where protoplasts were
co-transformed with a 5'a-construct (102) and a 3'a-
construct (201 or 211) restorat:.on was found in 1-4%
of the co-transformed calli. In the negative controls o
30 only one Km" calli was obtained. This callus did not
contaln a’ repalred Km" gene and progeny of this callus
did no longer show - kanamycine resistance. A clear
dlfference in transformatlon frequency between the 201"
construct (3'; w:.th vsynth. LB) or the 211 construct
35  (3'a with _ylldtype LB) was not observed. '
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The obtained Km" calli were 'regenerated into plants as
~ described in example 1. In leaf extracts from these
pPlants NPTII activity could be detected, using non-
denaturing gels (Platt and Yang, 1987), at the correct
5 position in the gel. The plants were also analysed on
the DNA level. Accordlngly, proof for the presence of -
a restored Km" could be provided.

‘ Theoretieally, the}NPTII gene could have been restored

10 via homologous recomﬁination in the Dbacterial
background. This could only be possible if transfer of
the binary vectors between the two bacterial- strains
should occur. Crossing experiments described 1n the
follow1ng example (4) excluded this possibility.

15 . : Examgle 4

- The control crossing-experiment -

To test whether transfer of binary vectors occured
20 " between Agrobacterium strains, a donor- and a
recipient-strain were ceincubated for 3 days at 28°cC.
A total of 10° bacteria of each strain was mixed and
spotted on a nitrocellulose filter 1lying on either
solid LB medium or on a layer of tobacco suspension
25 - cells that had been plated on solid MS30 medium
containing 0.5 mg/1 of the plant hormone 2,4D. In
addition similar coincubations were .performed in the
presence of E. coli helper strain RK2013 which is used
~ in triparental matings (Ditta et al., 1980). The donor
30 strain SDM201 .is rif’ and contains the binary vector
pPSDM201 that carries a bacterial gene for Kanamycin
resistance (Km"). The recipient strain LBA285 is a
spontaneous spectihomycin resistant (spc’) derivative
of strain LBA202 and does not contain any plasmid.

35 LBA285 behaves like a wildtype recipient for Ti-
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plaemlds invconjugatlon experlments. (Hooykaas et al.,
1980) If transfer of the binary vector pSDMZOl should
occur from SDM201 to LBA285, spc'Km" colonies would be
found on- selectlve plates. The bacterla were plated on
LB medlum contalnlng 250 mg/l spectinomycin and 50
mg/l" kanamyczn after coincubation. Resistant colonies
were  found at a low frequency (0.8x10" ) These were
not - genulne transconjugants, because they were all
r1fr ' Indeed, ;incubation of strain SDM201 alone gave
rise to spc r:Lf 'Km" colonies at a comparable fregquency.

From this we concluded that these colonies represent.
spontaneous spc’ derivatives of strain  SDM201.

Traﬁsferldf,fhe binary vector did occur when the donor
and recipient strain were coincubated together with E.f
coli helper strain RK2013 (Ditta et al., 1980). This
confirmedlfhet'genes essential for efficient transfer
of binafylﬁectors are not present in the strains used
in our 'tfanstrmation experiments but have to be

,prov1ded 1n trans to obtain conjugation. When E.coli

strain RK2013 was: prov1ded as helper, the frequency of

-transfer after coincubatlon on MS medium in the

presenee of - p;ant.,cells (8x10° /reclpient) was even

lower than when .- coincubation was performed on

bacterial iLB)fmedium (1x1073/recipient).
COnsequently, we ' can conclude that homologous
recamblnatlon between the T-DNAs had indeed taken

'place after co-lntroductlon in the plant cell.

ki

e - - Example 5

T
. Southern blot . analysis of ants derived fro -

Plant DNA'Qas-isclated from not fully expanded leaves
of plants in the growth room as described (Mettler,
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1987) and purified on a CsCl-gradient. The
concentration of the obtained DNA suspension was
deter;nined‘ by 'meastiring the OD,,. Approximately 10 g
of genomic DNA was used for digestion with restriction

- enzymes. Following separation on a 0.7 % agarose TBE '

gel (Maniatis et al., 1989) the DNA was transferred to
a Hybond N membrane (Amersham; Cat. No. RPN.303N ) by
capillary blott:mg and the membrane was (pre-
hybridized according to the Hybond N protocol. Final
washing was performed in 0.3xs8sc, 0.1% SDS at .65° c.
DNA probes labelled with [aszp]-dCTP (specific
activity: 0.5 - 1x109 dpm/ug DNA) were obtained using
the mixed primer method (Boehringer Mannheim kit; Cat.
No. 10044 760). The chromosomal DNA 1solated from
plants regerated from kanamycin resistant - calli was
analysedaccordlng to the method described above.
Chromosomal DNA ieolated from 2 transgenic plants each
containing a s;ngle copy of the 102 construct, from a
plant contalnlng the 100 construct and from a non-
transformed N.tabacum Cv. petit havana SR1 were used
for reconstruction.

In figure 8 is depicted which internal bands are to be
expected. after dlgestlon with EcoRI and BclI. The

" 5'deletion construct (102) gives an internal band of

1.6 kllobasepalrs (Kb), while the intact (correctly
repaired) Km" gene should give a band of 2.1 Kb.
Digestion with HindIII only generates so-called
junction fragments. When the probe only comprised the
3'part of the Km' gene . (e.g. the 0.7 Kb PvuIIl fragment
with the 3'0Cs, Gielen et al., 1983) integrated copies
of the 3 'deletlon mutant were not observed on the
blot, which simpl:.fled the interpretation.

The expected 2.1 Kb fragment, corresponding with a
repaired NPTII gene, was present in almost all RKm"
plants tested (figure 8). In case the 2.1 Kb fragment
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N

could not : be detected the presence of a repaired gene
could be shown by PCR-analysis using pr:.mers 2 and 3
(flgure 8) ‘

Exanple 6

Cogst;uctiog g transgenic tobacco plants containing a

defect' gene _as target-locus for homologous

recomblngt;on )

Transgenic tobacco plants vwere obtained by co-

cultivatlng leaf discs of axenically grown tobacco
plants (Horsch et al., 1985) -with bacterial strain
SDM104. . After . cocultivation, the 1leaf discs were
placed on sol_id MS30-medium with callus inducing
hormones. _'(:1’.0 mg/l NAA and 0.2 mg/l BAP) and the
antibiotics cefotaxim (200 mg/l) and vancomycin (100
mg/ 1). After :one week the- leaf discs were transferred
to »callusiingt_lcing medium with 20 mg/l hygromycin.
Resistant 'cafli' ‘were cut and transferred to shoot-
inducing medium - (MS15, 1mg/1 BAP, 0.1 mg/l NAA, 100
mg/l cefotaxim. and 50 mg/1l vancomycin). Shoots were
cut and tested for Hm" by allowing them to root on
hormoneless Ms3o—med1um with 20 mg/l1 hygromycin. |
The transgenic plants obtained with the method
descr:.bed above were analysed at the DNA level (see
example 5)+ Subsequently, plant lines were selected
that showed A a simple T-DNA integration pattern. Plant
llne 104( 1 6) transformed with the 104-construct was

used as acceptor plant for the targetmg experlments.

This llne appeared to have 2 T-DNA copies integrated
in urverted orlentatlon at the same posn:lon in the
plant genome (flgure 9}).
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Example 7

Restoration of a defective NPTII gene in a transgenic_
tobacco plant via homologous recombination using

Agrobacterium-mediated DNA-transfer

Protoplasts of transgenic plant 104.1.6 were co-
cultivated with  Agrobacterium strain SDM101.
Cocultivations were carried out with approx:.mately
2x107 protoplasts. To determine the transformation
10 frequency 1x10%. protoplasts were cocultivated with
) Agrobacterium strain  SDM100. The - cocultivation
.experiments were carried out according . to . the.
procedure described in example 1. In two :mdependent
experiments, protoplasts of plant - line 104.. were .
15 cocultivated with an Agrobacterium strain harbouring
the binary - vector pSDM10l1. The plasmid pSDM101
contains a NPTII gene with a 5! deletion, next to the.

hygromycin resistance marker (figure 9). The
. transformation experiments resulted in 285 and 281
20 kanamycin resistant calli r respectively. In most of

these calli gene targeting had not occurred. Results
which are not shown here suggested that the 5'° deleted
NPTII gene at the repair T-DNA had been fused to an
endogenous plant gene. :
25 In recent articles on homologous recombination in
‘ animal cells the polymerase - chain reaction (PCR)
technique is used for quick detection of a homologous
recombination event (Kim & smithies, 1988; Zimmer and
Gruss, 1989). Also in our experiments we used the PCR
30 method to screen for kanamycin resistant calli in
which an intact NPTTII gene had .been formed via
homologous recombination (Figure 9). A PCR with two
primers that anneal within the regions deleted in
either the target NPTII gene or the repair construct
35 should result in amplification (of a 979 bp size
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fragment) only 1f .an intact NPTII gene is present. In
this way a total ‘number of 213 calli was screened.
Three calli ‘appeared to be PCR-p051t1ve and plants
were _regenerated_x from these calli resulting 4in plant
5 lines "1,'_.2- and__’ 3, respectively.
Example 8
Molecular anal z_sis to detect targeting events.
The ch.romosomal DNA of the plant llnes was analysed

us:.ng the Scuthern blot method described in example 5.
DNA was cut w1th the restriction enzymes EcoRI/BclI

and '_;,_dIII ‘the fragments were separated on gel and
15 _ 'subs_equent_ly v,_'t"r_ansferred to Hybond-N  membrane.
. Hybridisation was performed- with an internal NPTII
probé (the 610 bp XmaIII/RsrII fragment, see figure
8. | ,
In plantv line 1, one of'the 3' deletion mutant copies
20 of the NPTII gene ‘present on the target locus had been
restored by ‘the 1ncom1ng T-DNA via homologous
reccmblnatlon. ~ Wildtype NPTII activity could  be
detected in le'aves of this plant line (Platt and Yang,
1987) P thereby conflrmx.ng the presence of an intact
25 NPTII gene.

Example 9

Construction of the SSU-fusion genes
30 e |
In order to isolate an active member of the SSU
multigen‘e"fa.mily"a subgenomic library of N.tabacum SR1
was constructed in lambda phage PDJII (Maniatis et
~al., 1982) Us:Lng a probe specific for a SSU cDNA-
35 ) clon of N.tabacum cv. pet:.t havana SRl1l, a clone

-
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containing e SSU-gene with 3 introns (Mazur et al.,
1985) was isolated from this library. The active gene
is located on a 2.4 Kb basepair HindIII fragment Both
. the restriction map and the DNA-sequence of the clones
5 isolated by us corresponded with the publlshed data -
.~ (Mazur et al. 1985). The HindIII fragment was cloned
in pIC19H (Marsh et al 1984) resulting in plasmld
PSICl. This . gene was used for the construction of
chimaeric SSU-NPTII genes (flgure 10). To do this a
10 NPTII insertion module was constructed ( Clone pSDM53)
by:
a) 'replecing the ECORI/XmaIII fragment of PSDM4 (see
figure 1) contalnlng the nopaline synthase promoter
and the start of the coding reglcn by a 51 basepair
15 synthetic EcoRI/XmaIII fragment (see figure 10B) on
which a unique BamHI and a unique BglII restriction
site are located. :
b) removing both -PstI restriction sites from the
NPTII-sequence (Beck et al., 1982). The PstI’ site in
20 the coding reglon was removed by changlng a G into an
| A on position 1733 in. the Tns sequence (Beck et al.,
1982), ‘using Ml13/oligonucleotide mutagenesis
(mutagenesis kit from Biorad). Consequently, no
changes were introduced in the amino acid sequence of
25 the NPTII protein. The other Pstl site is 1located
' outside the coding region and was removed by cutting
with PstI, blunt-ending with Klenow in the presence of
dCTP, subsequently cutting.with Smal and closing by
ligation. Due to this the fragment ranging from base
30 2519 till base 2656 in the TnS sequence (Beck et al.,
1982) of the 3! non-coding region was deleted.
For the construction of one fusion gene the 1,7 Kb
BamHI fragment of the promoterless NPTII and the 3!
OCS terminator was insert d into a BamHI site of the
35 rbcS-gen on PSICl. The resulting plasmid pNS1
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contains a translatlonal fu51on ‘between the rbes and
the NPTII in the: fourth exon of the rbsS gene.
For the construction of the other SSU-NPTII quLOn in
the second _exon, in pSICl the BamHI site was removed
5 from the " fourth exon by £illing in with Klenow-
‘ polymerase_ . This.  resulted in’ plasmid _pSIC2.
Subseduentiy, ‘in the second exon of pSIC2 a new BamHI
'site;_fﬁaé’f introduced . ‘using. M13/ollgonuc1eot1de
mutaoenesie (mutagenesis kit of Biorad). Due to this a
10 G was changed 1nto a T and an A into a c respectively
on pOSlthns 1383 and 1385 in the sequence of Mazur et
al., (1984). In the resulting plasmid’ pSIC3, the 1,7
Kb B II/Q_QHI fragment from pSDM53 was cloned  into
the new BamHI restrlctlon—51te. The clone pNS2 thus

15 obtained contalns a translational fusion between the
;__s and the NPTII in the second exon of the rbesS-
Exanple 10
- 20

Cogstruetiog of the binary vegto: pSDM14

The plasmid pSDM10 (see figure 7) served as a basis

for the construction of the binary vector pSDM14.

25 Synthetic';borders and. a  fragment containing the

x overdrive'seQuenCes were transferred to PSDM10 by the

followrng method. The overdrive sequence of pTiAch5 is

located on a gg;I/_a_I fragment (14087-14710, Barker

et _;;., 1983) _ This fragment was cloned in pIC20R

30 (Marsh . et ﬂ., 1984) cut with SacI® and BamHI. From

pPIC20R, gthe- 'overdrlve' was cloned as a SacI/EcoRT

fragment to pUc19 (xSacIXEcoRI). The resulting plasmid

was dlgested with SacT and EpnI and a synthetic

. _ng/gg_I fragment contalnlng the right T-DNA border
35 was llgated lnto lt. By cutting the resulting plasmid
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with HindIIT and KpnI a HlndIII/ nI fragment
vcontalm.ng the left T-DNA border could be cloned. From
this plasmid pBINSB2 the EcoRI/HindIII fragment was -
excised. The ends of the fragment were filled in with
5  Klenow-polymerase, BglII-linkers were ligated to it,
and following digestion with BglII the fragment was
ligated in pSDM10. In this way pSDM14 was obtained.

-

Example 121
10

Cloning of the rbcS-NPTII fusion genes in pSDM14

From pNS1 and ‘PNS2 the HlndIII fragments with the
intact fusion genes and’ the PstI/HlndIII fragments
15  with the promoterless rbcs-NPTII fusions were cloned
into pPIC20R (Marsh et al., 1984), resulting in _
pPlasmids pNTSS1, 2, 3, and 4 respectively (see figure
10). From there, the fusion genes were ligated as
Sall/XhoI' fragments in the binary vector pPSDM14
20 (figure 11) that had been cut with SalI/XhoI.
The resulting plasmids PNTSS11 (A/B), pNTSS12 (aA/B),
PNTSS21 (A/B), 'and DNTSS22 (A/B) contain between -a
synthetic right and left border of the octopine Ti-
plasmid, the intact 4th. exon fusion gene, the
25 promoterless 4th. exon fusion gene, the intact 2nd.
exon fusion gene, and the promoterless 2nd exon fusion
gene, respectively. A and B refer to the orientation
~'of the XhoI/Sall fragment in pIC20R. In figure 10 only
the B orientation  is deplcted. The binary plasmids
30 were crossed to a Agrobacterium helper strain that
contains the Vir-region on a helper Ti-plasmid
(example 2), resulting accordingly in strains -NTSS11,
NTSS12, NTSSs21, and NTSS22.
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-Egamp;e 12

Site*diregted mﬁtagenesis of one of the rbcS-genes via
co 7t'vat'om of the protoplasts of Nicotiana tabacum

5 cv. petitfgavana SR1 with Agrobacterium

In separate transformatlon experiments 107' tobacco

protoplasts were cocultlvated with the Agrobacterium

strain NTSS12 - and with the strain < NTSS22. These

10 stralns respectlvely ‘contain the promoterless 4th exon

;__S—NPTII fuslon gene and ‘the promoterless .2nd. exon

rch-NPTII fu51on gene between the borders of the T-

- DNA re51d1ng on the binary vector. As positive

'_controls the. strains NTSS11 and NTSS21 were

. 15 cocultlvated , w;th 10° tobacco protoplasts. The

' cocultlvatlon method used is extensively described in

" example 1. Flve percent of the protoplasts regenerated

- to callus'and from the positive control it appeared

“that - 15% of ‘the calli had been transformed. In the

20 tcocultlvatlon experiments with NTSS12 and NTSS22 Km"

- calli were’ obtalned._ PCR-analysis was performed on

chromosomal DNA of pooled tlssue of 10 calll (for the

method see Iassner et 'al., 1989). In scome calli the

transformed T—DNA,% which carries the promoterless

25 fu51on construct, had recombined within the target

loous; giving rise to a functional fusion between the

rbcS-promoter and the structural part of the NPTII

gene;.'From%ttheSe' calli plants were regenerated and

Southern - analysxs‘ was performed on genomic DNA

30 1solated from these plants. In some of these plants

the ;_gS-NPTII-part of the T-DNA was found to be

correctly 4 1ntegrated at the target. locus via
homologous_rec mbination.
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Example 13

An__alternative I-DNA construct to achieve gene

tergeting to _the SsU locus.

In this part an alternative T-DNA construct to target
the . SSU locus is described (figure 12). In contrast
with the SSU—NPTII fusion contructs this new construct
does not comprise a translational quLOn between the
10 SSU gene and the codlng region of the NPTII gene but
has the NPTII coding region under the nopaline
synthase promoter inserted in the 4th exon of the SSU
gene. A small portion of the SSU promoter (+365 bp) is
deleted to permit screening—for recombinants via PCR.
15 In addition the T-DNA aux-2 gene is introduced into
the construct as a negative selection marker to enrich
for recombinant calli. The aux-2 gene product converts
@-naphtalene acetamide (NAM) to the auxin (NAA). At
high concentrations (10-20 'mg/l) NAM is capable to
20 promote growth of tobacco cells in aux1n-free medium.
However, cells that .contain the aux-2 gene will .
efficiently convert NAM to the more potent auxin NAA
which is toxic for plaﬁt'cells at high concentrations
(Depicker et al., 1988). Thus, by using auxin-free
25 -medium containing NAM at a high concentration it is
possible to select for cells, that do not express the
aux-2 gene. ' :

A 2.5 Kb HindIII partial of the T-DNA of pTiAch5 (3390
30 to 5933, Barker, et al., 1983; Gielen et al., 1984)

which contains the aux-2 ‘gene was cloned into the

HindIII site of pIC20R (Marsch et al., 1984).

Sequences upstream of the aux-2 gene comprising the

promoter and . part of the coding regon of the aux~1
35 gene were deleted. This was done by digestion with
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'PstI (in the- polylinker of pIC), producing blunt ends

by u51ng the exonuclease activity of 'Klenow'-

'polymerase, digestion with HincII (5721, Barker et
“al., 1983, Glelen et al., 1984) and re-llgatlon of the

plasmldJ In this way the promoter sequences of the-

aux-2- gene were left intact. Subsequently, the aux-2

'xgene ‘was cloned as a SallI/XhoI fragment into - the

'unlque Sall s;te of pNTSS11B. In the resulting plasmld

" pNTSS112 the_ ‘transcription of the aux-2 gene is

'dlrected towards the left T-DNA border.

' lasmld pNTSSl was dlgested with XhoI followed by a
_partial dlgestion with BglII and a 3,9 Kb XhoI/BglII
*fragment was obtalned that contained most of the
’SSU/NPTII fusion gene exept for 365 bp which were

deleted from the 5' end of the SSU promoter region.

This: fragment was cloned into the pUC derivative

pIC19H (Marsch et al., 1984) cut with XhoI and BamHI.
' The BamHI 1nsertlon module contalnlng the NPTII coding

freglon and the OCS terminator was replaced by - a

fBglII/BamHI fragment = which consisted of the NPTIT
: cod:mg region behind the NOS promoterregion without

. the right T-DNA border sequence. The construction of

fthls new insertion module is described below. In the
3resu1t1ng plasmld pNTSSS the transcrlptlon of the

:NPTII gene from the NOS promoter is directed towards
“the .3'_:end_ ‘of the SSU gene which can serve as

términaidr of transcription. In this way the OCS

'_termlnator can be omitted which results in a reduction
"of the size of the insertion module. The Sall/BamHI
'fragment of PNTSS5 was isolated and ligated into the

vector part of pNTSS1l12 cut with Sall and BamHI. Thus,
thex. blnary vector pNTSS512 was obtained which

‘contalneq the alternativ targeting construct (see

i‘fiéuretlz).
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For the construction of the new. NPTII insertion module
the BclI/smalI fragment of éSDM4 containing the NOS
promoter and the restored NPTII coding region was
cloned into pIC20H (Marsch et al., 1984) cut with SmaI

‘and BglII. From the resulting plasmid the fragment was

excised with XhoI and BamHI and was recloned in pIC19R
(Marsch et al;,' 1984) éut with XhoI and BamHI.
Finally, the new NPTII insertion module was introduced
as a BglII/BamHI fragment into pNTSSS.

The binary vector pNTSS512 (figure 12) was transferred
via triparental mating to an Agrobacterium strain that
contains the Vir-region on a non-oncogenic helper Ti-

- plasmid (example 2).

Example 14
Transformation with T-DNA _construct of plasmid
" pNTSS512.
Tobacco protoplasts were cocultivated with
Agrobacterium strain NTSS512. To determine the
regeneration and transformation frequencies

protoplasts were regenerated with or without kanamycin
as described in example 1. Non-transformed tobacco

.cells were cultivated on NaAM containing medium to

determlne the regeneration frequency on this medium.
In a larger experiment protoplasts were cocultivated
with strain NTSS512 and grown on auxin-free mnedium
containing kanamycin and 10-20 mg/l NAM. ,Integratlon
of the T-DNA construct via illegitimate recombination
in the genome of the plant cells resulted in kanamycin
resistant and aux-2* cells. Some of these cells were
able to grow on NAM-medium because the aux-2 gene was
not expressed due to incomplete integration of the T-
DNA or inactivation of the gene by methylation. In
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case the N?Tilumarker was inserted correctly at the
target v-‘loc_ﬁs"" iria homologous recombination the aux-2
gene7was 1bst; The resulting cells were resistant to
kanamyc1n and the absence of the aux-2 gene enabled
them to grow on auxin-free medium containing a high
concentratl_on "of NAM.

From the spaller control experiments it was estimated

that 5% of the initial protoplasts survived (equal for
NAA- and NAM— containing medium) and 15% of the
regenerated call:L were re51stant to kanamyc:.n. In the
large. targetlng exper:.ment the regeneration of

protoplasts -on NAM-conta:Lnlng medium gave a 10 to 100

fold enrlchment for cells that did not express the

- aux=-2 - gene. The PCR technique was used to identify the

calli’ obtalned ‘through’ the desired recombination
event. Genomic DNA' was extracted from pooled tissue of
10 callJ. (I-.-assner et al., 1989) and tested in a PCR.

~ The prmers used in the reaction respectively annealed

in the NPTII cod:mg region and in the upstream region
of the SSU promoter that was deleted in T-DNA
construct _j-iJMSsslz. PCR will - only result in
amplification of :a fragment of expected size if
recomb:.natlon has ‘occurred between incoming T-DNA and
target-locus - In fact, in several  <calli a
recombination. - event = was detected. ' Plants were
regene_ra.ted. ,from these calli as described and Southern
ahalys"i_a..wa;s 'perfomed on these plants and on progeny
of thése plants. In a few plant lines the NPTIT module
was found to be . ,insertea correctly via homologous
recembinatibn ~at the target locus. It was estimated
that the gene target:.ng frequency ranged from 10 to
107 :
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Deposition

. For the purpose of enablement the followzng E.coli
‘strains have been deposited at the "Centraal Bureau
5. voor Schlmmelcultures" CBS at Baarn, The Netherlands:
(strain Dh5e; genotype: . F', endai, hstl?(z-k m'k)
‘SupE44, thi-1, lambda R recAl, gx;AQS relAl, /\ (argF-~
- laczya)Uie69, ph180dlacz/\M15) I -

10 E. coli strazn : (Date of (Deposition
useful for TR )
DHS5a with Plasmid Deposition) Number)
construct , .

15 psbmioo | july 21 1989 CBS 348.89 pSDM4
pSDM10
pPSDM200/201

pSDM7

20

PSDM101
PSDM102
. _ PSDM104
25 PSDM9 july 21st 1989  CBS 346.89 pSDM210/211.
 psDMig - july 21st 1989  CBS 347.89 pNTSS11
X ' PNTSS12
PNTSS21
| . PpNTSS22

30 - , - PNTSS512

pSIC1 july 21st 1989  CBS 349.89 pNTSS11

: PNTSS12

PNTSS21

, _ PNTSS22

35 : S | PNTSS512
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The bgml;ac_te;;u_g ‘strain LBA4404, which is . a good
,acceptor strain for all binary plant transformation
vectors, has already been deposited earlier (Febr.
24th. 41983“)_' and is available via the "Centraal Bureau

5 voor éc’himme]zcﬁltures“ '~ (CcBS) at  Baarn, The
Nethe_rla'ﬁ‘gis, ‘under number CBS 191.83.
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List of symbols and abbreviationé'used in the figures.

——

3'Nos

Hn" (gene)

Kn" (gene)

5'No_s]

A double lined box indicates the coding region
of the Km" and the Hm" gene (NPTTII and HPT).
The non-coding region is 1nd1cated by a single
lined box.

Fragment comprising the p;omoﬁor region of the
nopaline synthase gene (5'NOS) and the right
T-DNA border repeat of the nopaline Ti-

~ plasmid. '

_3'_‘region' of the nopaline synthase gene

containing the signal for termination of
transcription'(B'NOS).

3' region 'of the octopine synthase gene
containing  the transcription terminator
(3'ocs). '

Promoter regibn of the ‘355 transcript of caMv.

210bp EcoRT fragment containing the E. coli

- SupF,

Right T-DNA border repeat
Left T-DNA border repeat

(Gene conferrlng) hygromyc1n resistance (to
plant cells)

(Gene conferring) kanamycin resistance - (to
pPlant cells)
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‘Bacterial 'kana.mYcin. resistance gene derived

~ . from-Streptococens faecalis

‘Bacterial ampicillin resistance gene

DNA = sequence coding for Neomycin
: PhosphoTransferase II )
DNA seguence coding for Hygromycin

. PhosphoTransferase

-
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" Claims
1. A recombinant DNA capable of integrating a part

of itself into the genome of a plant host via
homologous recombination at a- target 1locus,
which recombinant DNA has the following general
structure, V

wm

Lol lalalls

1o : in which the boxes 1 and 7 and the connecting
lines represent DNA sequences that are capable
of functidning as a T-DNA border in the DNA
transfer Process, in which box 1 or 7 may be
absent but not bd't.:h', o ’

15 ' in ‘which box 3 comprises a DNA sequence which

is sufficiently homologous to a DNA seguence
inside the target locus and sufficiently long
to promote homologous recombination,
in which box 4 Tepresents a DNA sequence that

20 N is not homologous to sequences ‘occurring in the
target locus, and in which the lines connecting
the boxes may represent any number of
basepairs, or no basepairs.
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- A recombinant DNA according to claim 1,

in wich box 1,3 and 7, and the connecting lines
are-as defined in claim 1,

“in which box 4 comprises a DNA sequence that is

also A suff1c1ently homologous to promote

) fhomologous recombination with its corresponding

sequence in the target locus, thereby

"”lntegratlng a part of itself containing one ore
‘more. mutatlons. . '
'in -which: ‘the lines: connecting the -~boxes may
. represent any number of basepairs, or ‘no

basepa;rs.

A recomblnant DNA according to claim 1 or 2,
hav1ng the following general structure,

U
o]
~

are as deflned in the above claims,

in whlch box 4 represents a DNA sequence that
1s not homologous to seguences occurrlng in the
target locus, '

"_1n. wh;ch ‘box 5 represents an -expression
‘ cassette‘ whlch is functional in the host,
-_contalning a p051t1ve selection gene,

in thlch,',box E comprises DNA sequences

- Sufficiently homologous to DNA sequences that
_;are located ad]acent to, or in the vicinity of

the target locus in the plant genome and

u?sufflolently ‘long to promote homologous
frecomplnatlon,
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4. A recombinant DNa according to claim 1 or 2,
having the following general structure,

GG

in wich box 1,3 and 7 are as defined in clainm

1,
in which the boxes 2 or s represent an
10 eXpression cassette which is functional in the

host, containing a negative selection gene,
in which box 2 or & may be absent but not both.

A recombinant DNAlaccording to claim 4, having

wm

15 . the following general structure[
1 3 4 E 6 7
20 . in wich box 1-7 and E, and the connecting lines

are defined as in the above clainms, .
in- which box E comprises a DNA sequenceAwhiéh
is "sufficiently homologous and sufficiently
long to promote homologous recombination.
25 . .
6. A recohbinant DNA - according to claim 1 or 2,
having the following general structure,

30 1 2l la3lal s E 6 7

in which the boxes 1-7 and E, as well as the
Connecting lines are defined as in any of th
above cilaims,
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7. A recomblnant DNA accordlng to any of the
- claims 4-s,
in which box 2 and box - 6 represent DNA
'sequences wich are not homologous with the
5 target locus, which serve as a stuffer seguence
inhibiting the expreSSLon of the boxes 3 and 4
‘after undesired recombination,
in” whlch elther box 2 or 6 may be absent but
not both,
10 in which box 5 may be absent.
3. ' 'A recomblnant DNA capable of 1ntegrat1ng a part

-of itself. into the genome of a plant host via
.nomologous recomblnatlon at the target locus,

‘ﬂlalivax]lzj

in"wnich - the. boxes 1 and 7 represent DNA
_ sequences that are capable of functlonlng as a
20 : -DKA border in the DNa “transfer process, 1n
which box 1 or 7 may be absent but not both,
1n “which = both -box 3 and 4 represent DNA
sequences which are suff1c1ent1y homologous and
P suff1c1ent1y ' long “to promote homologous
25 , B recomblnatlon with’ the target locus,
} in- Whlch ‘the DNA sequences within the boxes
‘-havecthe same 5' to 3! orientation as in the
fitafget”’locus, but the order of the boxes
i'themselves have been changed with respect to
30 _the situatlon in the target locus, resulting in
insertion. of box i in the target locus after
—_homologous recomblnatlon,
in ‘which the 1lines connecting the boxes may
. .Jrepresent -any = number of basepairs, or no
35 . "jbasepairs. , |

[
w
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A recombinant DNa according to claim 8, having
the following general structure,

2l BTl

in which the boxes 1, 3, 4, 7 and i, and the
connecting lines are defined as in claim 7,

-~

in which the boxes * 2 or 6 represent an
exp;essioﬁ Cassette which is functional in the
host, containing a negative selection gene}.in
which box 2 or s may be absent but not both.

A recombinaht DNA according to any of the
Claims 4-6 or 9, in which the " negative
selection gene is chosen from the group
consisting of the aux-2 gene, the cytochrome
P450 gene, the Adh gene, and the TK=-gene.

A recombinant DNA according to any of the
claims - 1-11, in which the positive selection
gene is selected from the group consisting of

“the NPTII gene, the HPT gene, ard the ALS gene.

A vector suitable for cloning in bacteria,
comprising a construct according to any of the
claims 1-11.

A  vector according to claim 12, further

comprising, ’

- an origin of replication, allowing the
vector to replicate in its hosts, ,

- 2 functional marker gene, to allow for
selection of transformed hosts,

- a8 polylinker site, for easy manipulating

of the vect r.
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1l4.  'Bacteria containing a vector according to claim
12 or 13.
15. a prlan't transformation vector, contaihing a T-
57 . DNA construct according to any of the claims 1~
11.
16.° a ‘plant transformation vector according to

. claim 15,  in which this vector is a binary
10 . vector.

17. ’ Ag’f_obecteria, or bacteria related thereto,
ccﬁtaihi’ng’ a plant transformation vector
, . accordlng to claim 15 or 1s6.
15 . S
18. A process for the pPreparation of plant cells
o ccntalnlng a defined mutation or mutations at a

selected target " locus of the genome via

. homologous recombinaticn, comprising the steps
20 . of, T B .

' = a) coincubating plant protoplasts or
- plant parts under transforming
conditions, with Agrobacteria or species
related thereto, containing a plant
25 o .'transformatlon vector which comprises a
' "construct according to any of the claims
o1-11, ,
’ -.'_f' ., b) J.dentify the desired «cells by
o fscreening transformed cells at the DNa-

30 o level ' for the desired recombination
‘ ;evel"it’,‘ using known methods.

19, ¢ a process fcr the preparation of plant cells

. containmg a defined mutati n or mutations at a

.35 3 salected target locus f the genome via

W .
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homologous reéombination, comprising the steps

a) coincubating plant protoplasts - or
pPlant parts under transformlng
condJ.tJ.ons, with mm or species
related thereto, containing a plant
transformation vector which comprlses a
construct accordlng to any of the clainms
4, 5, 6 or 9, ’

selecting or enriching for cells which do
Mot express any of the neagtive marker
genes, under conditions ‘allowing for
selection, o '

b)  identify the-- desired cells by
SCreening transformed cells at the DNa-
level for the desired recombination
event, using known methods.

A process according to claim 19, comprising,

step a) in which the construct is that
from claim 3 or 6, comprising a pos:.t:.ve
selectlon gene.

- step b) selectmg' for or 'enriching for -

cells which do not express any of the
negative marker genes present in the
construct, and which do express the
positve selection gene, under conditions
allowing for selection,

A process for the preparation of plant cells
containing a defined mutation or mutations at a
selected target 1locus of the genome via
hoino;ogous recombination, comprising the steps

of,
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- a) co:.ncubatmg plant protoplasts or
' ‘ plant parts under transforming

-conditions, with Agrobacteria or species
o V.r'el.at'ed thereto, containing a plant
5 _’ . transformation vector which comprises a
. _.cdn.‘struct acsording to the claims 7 or 8,
in which box 3 ‘and 4 comprise a DNa
séqueﬂse for which can be selected or
‘ ' screened for after proper homologous
10 .~ recombination, _
' " =" b) selecting or enriching for cells that
"7 do express box 3 and 4, and which do not
express the negative selection Jgene,
'T'-_u_xider conditions that allow for these
15 o selections. -
e c) - identify the desired cells by
L screening transformed cells at the DNA-
' level for the desired recombination
,eye_nt, using known methods. '

22. A process according to claim 18-21, comprising
. 1nstead of step a) the following steps,
= transformlng bacteria with a vector that
;»is capable of replicating . in said
25 o -";,bib_ac'te:_ria, said vector containing a
N rééon}binant DNA according to any of the
{7 claims 1-11,

- _C:ultui:'ing said bacteria in medium that
. "‘f{"allows for growth of the bacteria and
30 S ' 'repllcatlon .0of said vector, .
- 1solat1ng said vector from the bacter:La.
r-f suspens:mn,
- "transformlng plants with that vector or
part of that vector using direct DNA
35 ' "_",“f"transformatl n methods,
'~ then step b).
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23. A process according to claim 19, in which said
vector after isolating from the bacteria
Suspension is incubated with DNA bindin
- Proteins, under binding conditions.
5

24. A plant cell obtained through application of a
Process according to claim 18-23.

25. Plant parts obtained through regeneration of
10 : plant cells according to claim 24.
26. Plant material, including plants, parts of

Plants, plant cells, seed, as well as Progeny
obtained through sexual or asexual propagation,

15 originally obtained from regeneration of a
Plant cell or a plant part éccording to claim
24 or 25,

- 27. Plant material according to claim 22, in which

20 said plant is selected from a group
'consisisting of  Solanaceae, Leguminosae,
'Umbelliferae, Cruciferae, 'Comgositae,

Alliaceae, Vitaceae, Compositae, Asparagaceae,
Chenopodiaceae, Liliaceae, Orchideaceae,
25 Theaceae, Coffea, Cucurbjitaceae, and Gramineae.
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